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THOMAS STERRY HUNT, M. A., D. Sc, LL. D., F. R. S. 

By PKRf^iPOR Fraker. 

The sul)ject of this notice expired of an atfectionof the heart in 
the l^u'k Avenue hotel. New York citv, February 12th, 1892; a 
raan who made his influence felt in many departments of science, 
and whose labors in the fields of chemistry, geology, and miner- 
alogy have enriched those sci(»nces: not only directly, but indi- 
rectly by drawinir the attention of other master minds to many 
moot points concerning tiiem. On his father's side, his ances- 
tors and their descendants have left enduring remains of their 
work both in art and letters, one of the earliest of his line who 
lived in America, William Hunt, having been <me of the fountiers 
of Concord, Mass. On his mother's side his lineage is enriched 
by '-tlie gentle, mystic Peter Sterry, and that uncom[)romising. 
preacher, Thomas Sterry! who wrote the notable tract. 'The Hot 
Among tiie Bishops,' in KKIT, and that gave to New Enghuid 
Consider and Thcmias Sterry, the Mathematicians'' (Hiographical 
sketch of T. S. Hunt by James Doujjlas). (\)n8ider Sterry was a 
civil enjyineer and the author of text l"M)oks on arithmetic and al- 
gebra in use a hundred years ago. Thomas Sterry Hunt was 
l>orn in Norwich, Conn.. September 5tli, lH2r». During his early 
childhood his father moved to Ponghkeepsie and died there when 
the subject of this memoir was but twelve years old; whereuj)on 



2 Tlve Amertean Geohgi^it, Junnary, i89« 

his mother and her family of six children retnrned to their old 
home in Norwich. For a wliile Thomas atten<led the pnblic 
school, hut soon was called to assist in the support of the family. 
He found employment first in a printhii; oltice; then in an apoth- 
ecary's shop; and finally in a book store. Althoutijh he remained 
but six months in each of these situations it is more than prob- 
able that his extremely receptive mind was strongly infiu- 
enced by all of these occupations. He frcniuently attributed his 
, attention to details in the correction of MS., and his (juick and 
unerring detection of faults in typography, to his experience as a 
practical printer. His after l<»ve of chemistry could not but 
have been developed if it was not instigated by his surroundings in 
the second of these situations: and his love of general literature 
and familiaritv with authors doubtless commenced with his 
opportunity to prowl over a collection of miscellaneous books, 
absorbing their contents in the interval of his active duties, and 
laying the foundation of that correct expression and pure style 
which distinguished to the last his spoken and written tlunights. 
Some of the elements of J)r. Hunt's genius were a life-long habit 
of atttMition, an accurate judgment to select out of the assorted 
impressions received that which was valuable or new, a phenom- 
enal memory in retsiining such concepts, and consistency in adopt- 
ing them to regulate his con(bict or modify his ideas. It is there- 
fore not at all inc^redible that this (exceedingly impressionable- 
mind at its most impressionable age may have assimilated 
l)oth the tastes and the faculties which directed the course 
of his after life during the short periods of those diverse^ 
occupations. This is rendere<! the more probable fmm the 
fact mentioned by Mr. Douglas, that on leaving these three- 
employments to a.ssurfie the duties of clerk in a not too busy 
country store, the future Cantab. Doctor kei)t a skeleton and cer- 
tain home-made clu»mical apparatus under the count(»r for use in 
the intervals atfoinled by his commercial duties. He carried on 
original research in this rural retreat even while mastering the rud- 
iments of chemistry. He visited the sixth annual meeting of 
the Association of American Geologists and Naturalists held in 
the geological lecture room of Yale college from Wednesday, 
April 80th, to Tuesday, May G, 1845, and was there elected a 
member of that l)ody. It is interesting to nott» that in his nine- 
teenth year, at this, the first meeting he attended of the body 
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which four years aftorwartls !»ccamo the American Associiition for 
the Advaneement of Science, Or. C. T. Jackson nia<le a commu- 
nication ''On the copper and silver of Kewennw Point," and 
Prof. II. I). Rogei"s ''submitted some remarks on the (juestion of 
the Ta€*(mic rocks," &c. , wliich the speaker believed to be '^only 
the well known lower Appalachian stratii disguised by some altera- 
tion of mineml type induced by igneous metamorphosis." Tlu'si^ 
two subjects were destined to receive great att^'ution at the new 

member's hands down to the last davs of his life. 

»■ 

At the first meeting of the A. A. A. S., held in Philadelphia, 
September, 1S4S, l*rof. Hunt read a paper '-On Acid Springs and 
Gypsum Deposits of the Onondaga Salt (Jroup, " and at this meet- 
ing Profs. W. 15. & \\. K. K*)gers read a paper on ''The Compar- 
ative Solubility of the C^irbonate of Lime and Magnesia,"' estab- 
lishing th(» fact that in water impregnateil with C0„, carbonate 
of magnesia is more soluble than carbonate of lime."' The study 
related to the formation of dolomites, and contained the germ of 
an idea splendidly developed by Dr. Hunt in after years in con- 
nection with the cause of the ditference in per cent, of magnesia 
of the limestones deposited in the oldest and those in the newer 
geological seas. One* might easily and perhaps profitably trac^e the 
origin of many investigations which Dr. Hunt has pursued to 
brilliant discoveries in the sometimes vague, but to him, suggestive 
questions and observations at these scientific meetings. He re- 
mained in Yale for about a year and a half, until some time in 
1841), as the assistant of Prof. B. S. Silliman, Jr., through whose 
aid and that of Prof, lienj. Silliman, Sr. , he obtained the apiK)int- 
ment of chemist to the geological survey of Vermont, under the 
charge of Prof. C. B. Adams. 

The year following, on the death of Mr. Donnison Olmstead, Jr., 
whose place on the Vermont survey he had taken when Mr. Olm- 
stead assumed similar duties for the geological surve3'of (^anada, 
Mr. Hunt again steppe<i into the vacated position and moved to >Ion- 
treal, where began that intimate association with the chief geolo- 
gist, Sir William Logan, which was to last for twenty-five years, 
or from 1847 until 1872. During a part of this time he lectured 
on chemistry (in French) at the University of Laval (185(>-'()2), 
and for four years on chemistry and mineralogy at McGill Uni- 
versity. Besides these duties and the absorbing work of the 
geological survey which re([uired not only his research in the labo- 
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ratoi'V and in the fi(»l<l, but a vorv considerable amount of the lit- 
erary supervision of the vohimes issued, he wrote an immense 
number of papers, many of which were contributed to *'Silliman's 
•Journal.*' 

His first voyage to Europe was undertaken as a delegate of 
the (leological Survey of Canada to the International Kxi>osition 
at Paris, in 1855, where he was selected as one of the jury of 
award, and during his stay was invested with the decoration of 
Chevalier of the Legion of Honor. Subsecpiently he was pi-o- 
nioted bv the French GovernnuMit to be an r)t!ic(»r of this order. 

Tn 1 ^'^^^ he was elected a Fellow of the Royal Society of London. 
He was asrain an official deletrate from Canada to tlu^ London Ex- 
position of 1802, and afterwards served in the some cai)acity at 
Paris in 18(17. Tn 1871 he was elected a member of the National 
Academy of Science of the United States. 

From 1872 to 1878 he resided in Boston and lectured on tjeoloyrv 
at the ^lassachusetts Institute of Technology, in 1871 he was 
elected [)resident of the A. A. A. S. Before this Harvard had 
recognized his merit and conferred upon him the title of M. A., 
and the University of Laval that of LL.T>. In 1877 he was elected 
president of the American Institute of ^Fining Kngineers. Tn 
1881 Caml)rido:e University. Eni»:lan<l, bestowed <m him, with more 
than usual ceremony, the degree of FJi. ]). He was one of the 
original members of the Uoyal Society of Canada and its third 
president. During the year 187(1. of tlie (\Mitennial Exposition 
in Philadelphia (where he was also on the jury), he first definitely 
took measures to insure the calling together of a geological con- 
gress of the world, and caused a resolution looking to that end U> 

9 

be passed at the lUitfalo meeting of the A. A. A. S. 

The reunion of this ccmgress. which occurred in Paris, in 1878, 
was so far due to his skillful efforts that without his aid it could 
not have been held at that time, though that there would ulti- 
mately have been called together such a congress sooner or later, 
no one doubts. The first suggestion was made by Dr. Hunt, 
even if we accept the date at which Prof. Capellini. of Bologna, 
claims that he made a similar proposition not knowing of the 
earlier one; but t^ven after the proposal had been accepted by the 
American Association, and a committee appointed, the enterprise 
would have been relegated to the dust hole of so many of its 
magnificent uncompleted plans, but for the tact, skill and perst?- 
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veranceof Dr. Hunt, who pliice<l hininelf in ivlations with some of 
the more prominent foreign geologists, wisel}' achling them at first 
to the American eommitt<»e, and afterwards gave indispensable 
aid to Ihe French committee which organized the first meeting in 
Paris, in 1S7S. 

At the celebration of the one hundrelh anniversary of the (lis- 
covery of oxygen gas (which was fitly selectefl as the date of the 
birth of modern chemistry), held near the grave of Priestley, in 
NorthumlK»rland, Pennsylvania, Dr. Hunt was among the most dis- 
tinguished guests and vice-presidents, and made, as was usual with 
him on such occasions, one of the most thoughtful and impressive 
addresses, entitUid *-A (Vnturv's Prosrress in (Miemical Theory.'* 



It had originally beyn intended that young Hunt should fit him- 
self for the profession of medicine, but his strong inclination for 
rc'search in chemistry and geology resulted, as has been shown, 
in his adopting a career of pure science, interrupted only occa- 
sionally by economical reports which only differed from his other 
work by havinsj the consideration of values added to them. 

Among his earlier chemical essays such as - *The theory of 
chemical changes ami e(iuivalent volumes," in 1S5I>, it was evident 
that ht» was strongl}' imi)ressed by the brilliant results of Laurent 
and (terhardt in the forties and enrly fifties, an<l as in so many 
other cases, this influence is apparent even in his latest chemical 
works,and is notably in the Northumberland address just alluded to. 

It was characteristic of the man that, while fully alive to every 
new discovery of sciences he never forjjrot the researches of the 
older savants, and invariably preferred to proceed from their un- 
finished lines to the newest generalizations, rather than to take a 
discover^' which was a natural c<Mise<iuenc(» of one of these incom- 
plete lines as a new departure. It is through the laboi-s of such 
men as he that the history of scientific discovery is a continuous 
narrative and not a mere desultory collocation of dazzling para- 
graphs. He glean4Hl tiie memoirs of the past thinkers, carefulU- 
l)oinl(»ring their words and endowing much that was vague and 
ambigucms with a meaning whicli bridged over the gap betw<»en 
theirs and the most mod(»rn work. 

In the '-Introduction a V etude <K' la (Miimie par le systeme 
unitaire" (Ch. (Jerhardt, Paris, 1S4S, p. 7M), tin* author writes^ 
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^'To each motjillie or iiietnlloiis (H.|uivalcnt corresiM)!!!! peculiar 
properties as we shall see furtlier on. It is as if hy<lrogen were 
replaced in these two kinds of eouibinations bv tlie same metal 
differently condensed. '' 

Further on he stales the law of con<lensation in the form of 
-J[ = V in which p — atomic weight: d =: specific gmvity, and v 
= the atomic volume. Precisely the same eciuation is us(h1 by Dr. 
Hunt in his essav on "The co('ft1cient of mineral condensation in 
(Miemistry, ' <S:c. , where p represents an uUqnot part of the chemi- 
cal species, d = the specific gravity, and v = the reciprocal of 
the coeflicient of condensation. It will 1h» noticed in Dr. Hunt's 
works that he avoids where possible the employment of the word 
atom, and uses instead "ccpiivalent weight.*' He did not lK»licvc 
that the existence of at<mis had been demonstrated, nor did he 
accept the doctrine of interatomic space. He l)eli<'ved matter 
to be continuous and without interstices. Thus, in the address at 
Northumberland, he savs: "Daltou, as von are aware, linked his 
discoveries with the old hypothesis of the atomic constitution of 
matt(»r which is however bv no means necessarily connecte<I with 
the great laws of combination by weight and by number. "" And 
again, in his peroration, he says: **The phenomena of chemistry 
lie on a plane al)Ove those of physics and to m}' apprehension the 
processes with which the latter science makes us accpminted can 
alTord at best only imperfect analogies when ap[)lied to the ex- 
planation of chemical phenomena to the elucidation of which they 
are wholly inadecpmte. In chemical change the uniting bodies 
vninf to omipy thv n<imi* setter nt thi' Kifinc tiiin\ and the impene- 
trability of nuilter is .seen to be no lonj^cr a fact, the volume of the 
C(mibining masses is confounded, and all the i)hysical and physi- 
ological charactei's which are our guides in tlu* region of physics 
fail us. gravity ah)ne excepted: the diamond ilissn/rrs in oxygen 
ijas and the identity of chh^rine and of sodium are lost in that of 
sea salt. 

^*To say that chemical union is in its essence identificati<m, as 
Hegel has defined it, seems to me the simplest statement con- 
ceivable." 

"The type of the chemical process is found in solution, from 
which it is possible, under changed physical conditions to re- 
generate the original species. Can our science aflirm more than 
this, and are we not going beyond the limits of u sound philosophy 
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when we eudeavor by liypoUicses of hanl particles with void Hpaecs, 
of atoms and ujolocules. witli lK>nds and links to exphiin chemical 
affinitieH, and wlien we give a concrete form to our mechanical 
ccmceptions of tiie great laws of definite and multiple proportions 
to which the cliemical process is subordinated? liCt us not con- 
found the image with the thing itself, until, in the language of 
J^rodie, in the discussion of this very (luestion, -we mistake the 
«uggestions of fancy for the reality of nature, and we cease to 
distinguish between conjecture and fact.' The atomic hypothesis 
by the aid of which Dalton sought to explain his great generaliza- 
tions, has done gixxl service in chemistr}', as the Newtonian theory 
of light did in optics, but is already losing its hold on many ad- 
vanced thinkers in our science." 

He saj's in a previous part of the same address: '*The d(K»trine 

m 

of types, first enunciated by Dumas, advanced by Laurent and 
pi*rfected by the labors of othei*s, may be said to be the basis of 
our present chemical theory. It was the c<mception of the dual 
water t3'p(» which first rendered clear the theory of ethers and 
anhydrous monobasic acids, and thence tin* a^eneration of bibasic 
and trilmsic acids, whose derivation from the water type 1 taught 
as early as 1848, some yeai*s before these views were accepted by 
Williamson and Gerhardt. whose* names are usually associated 
with this extension of the original doctrine of Dumas. ' 

Belating to his peculiar views in regard to intei*stellar space and 
the connection of the matter which he supi)OscHl to fill it with an 
-atmosphere, he says (id.): 

*»If now we admit, as T am disposed to do with Mattieu "Will- 
iams, that our atmosphere an<l ocean are not simply terrestrial but 
cosmieal, and are a portion of the medium which in an attenuated 
form fills the interstellary spaces, these same nebuhe and their 
.resulting worlds may Vie evolved by a pix)cess of chemical .ccm- 
"tlensation from this universal atmosphere to which they would 
sustain a relation somewhat analogous to that of clouds and rain 
to the acjueous vapor around us." 

Dr. Hunt elaborated this theme in his presidential address be- 
fore the Amer. Inst, of Mininjr Knirineers on another accasion, 
his query being, •whence is all the carbon derived which is found 
in organic structure and combined in the rocks as carbonates?' and 
his conclusion that it was drawn from ''interstellary space, " per- 
haps indirectly from other planets. 
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Tins attitucU* of Dr. Hunt towards the atomic theory and the 
concrete notions of atoms and molecules has been assumed iir 
past years by some distinguished chemists and is not yet wholly ob- 
solete. It was due, with lilth* doubt, to tlie reaction wliich had 
set in from the mistaken fear that chemists lu\d been led afield 
by the brilliant generalizations of Berzelius. The writer has else- 
where considereil this panic,* but it ispertin(»nt to mention briefly" 
the facts here. 

The great Berzclius had successfully determined tiu» least com- 
bining weights of a great number of substances, and had been led 
to ap[>ly to these weights the theory of Dalton, and a theory 
based ui)onthc electrical results of Sir Huinphre\' Davy. 

lie had thus built up his system of atoms, binary, and ternarr 
compounds; each molecule of the latter two being compose<l of an* 
electro-positive and an electro- negative element or compound.. 
He ma<lc the single mistake of supposing that in a supi)osed electro- 
positive group no electro- negative element could be found.. 
When he carri(Hl this idea into the synthesis of organic com- 
pounds, he was met by discoveries (such as Melsens' in 1842, of 
ehloracetic acid) which rendered it imiK)ssible for him t4) maintain 
this hypothesis. It was not dul}' considered at the time that tlie 
lK)rtion of the Berzelian hypothesis which was proven to be incon- 
sistent with the facts, was a minor and unessential part of tlie- 
wliole, awl that the great and important genei-alization of this 
master among masters remained untouched. His inetfcctual ef- 
forts to bolster up the fallacious part of his system tlu'ew doubt 
on it all, and one by one his strongest supporters aban<loned his 
entire beautiful theory for a species of chemical agnosticism. 

Finally, in 184S, (imelin, in the colossal dictionary of chemis- 
try, (humorously called '-a hand])Ook,"') abandoned all attempts at 
graphi(* description of compounds and went back to the apparent 
weijrht of combination of Lavoisier's time. This timorousness of 
the chemists of that day atTected the progress of theory for nearly 
thirty years, and it was during these years that Dr. Hunt was^ 
active in research. [See the History of (Miemistry bv von Meyer, 
Leipzig, 1H8!»J. 'I'he motive of this abandonment of the ground 
so gallantly won by Berzclius was doubtless a good one, viz: the 
desire to avoid the faults of the alchemists, and to confine the- 

**• The Helps and Hindrances to the Proj^ress of Cheinicnl Tlieory," 
Introduction to cheniicnl lecture course nt the Franklin Institute^ 
November 10th, ISSH). 
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activity of workers to concrete facts and indisputable conclusions, 
"bat it was like a panic in an army, and lost many a great mind 
like that of Dr. Hunt to the abstract branch of chemical research. 

In the peri<Kl cov(»red by Dr. Hunt's work it was not good form 
among the masters to consider theoretical chemistry at all, but 
rather to work wniulously to colle<»t facts. Vet these facts once 
gained it has resultetl that the old fabric of Berzelius has lH»en 
re-crect<*d. Additional superstructure indeed has lK»en added, 
but his foundations have l>een left untouched. 

As an illustmtion of the unconscious repetition by Dr. Hunt 
of the mental processes of Gerhardt, compare his statement re- 
garding the definition of organic chemistry in *• A new l>asis of 
^chemistry (^ 15) with the following language of <ierhardt: 
**Comme toutes les mati^res orgaiiiques^sajis exception aucune, 
ren ferment du carbone, on pent dire (ju'c^lle — (la chimie organi- 
que) — ''est la chimie du carbone.'" [Ch. (terhanit Precis de 
Chimie Organique, Notices preliminaires, Paris, 1M44.J The 
minds of these men worked in similar grfM>ves, and had Dr. Hunt 
replaced Laun^nt in collal>oration with (ierhardt it is very prob- 
able that similar results would have Ixhmi obtained. 

His research in miueralogv and jjeoloffv was of similar char- 
acter to that in chemistry. Here a^ain besides the keen observ- 
ing power of a -'Forscher" Dr. Hunt was an attentive student 
of the literature of his subject, and he seldom, if ever, mad(» the 
mistake of beginning an old investigation as if he were the first 
to think of it. On th(» contrary, it seemed his mission to exhume 
and revitalize the views of the oldest savants in the subjects that 
he treated: imparting to their woixls a meaning Avhich either had 
not l)<HMi understood, or the import of whi<*h had U»en overlooked. 
It is thus that we find him going back to Werner s views in his 
*'crenitic" h^'pothesis: to Amos Katon. in his reconstruction of 
the base of the American column; to Breithaupt, in his classifica- 
tion of mineral species. And whether or not in every case the 
original views of his su})ject justified his interpretation of them, 
the attention which he called to these views threshe<l out the re- 
maining seed which had not been previously extract<»d and made 
more secure the fame of the old masters. The tendtMicv of this 
treatment also was beneficial in restricting the number of new 
''schools." 

On the other hand it must be acknowledged that Dr. Hunt in 



10 Tlie American Geologist, January, ia« 

the later period »f his life often spent Uh} niucii of his valuable 
time in reclamations of precedence in the announcement of 
generalizations which had been ». ascribed to others, basing his 
claim sometimes on printed words of his own which did not un- 
mistakably define the same ideas. There is no question that in 
these cases he was sinc(»n», and that from his point of view his 
claims were just, for he commenced his useful career as a scien- 
tific writer with more than the usual amount of that caution 
which is the indis[)ensable (piality of a true savant. »^till, he 
was the unquestioned author of so much that was valuable that 
he might well have spared himself the controvei"sy and annoyance 
of these struggles, some of which were very unpleasant to him. 

He will be remembered ciiiettv h\ his valuable additions to our 
knowledge of the constitution of the crystalline rocks and his 
theories concerning their genesis and classification. ITis leading 
thought for thirty years was that min(»rals took the place in 
crystalline rocks of fossils in the clastic rocks as a means of de- 
termination of their history, relative age, &c. , but he nowheit^ 
pretended (as sometimes has been unjustly said of him) that we 
were yet able to interpret aright all of the phenomena they prc».- 
sented. 

He was an enthusiastic admirer of flowers and a skillful botan- 
ist and arborist. contributing much to bring to the attention of 
the public the necessity of caring for our wantonly wasted forests, 
and interesting himself greatly in the establishment in Canada 
and the Tnited States of Arbor day. 

He was also a keen critic and an omniverous reader of the cur- 
rent French, and English literature, being especially fond of 
poetry. His nuMUory of the thoughts of those poets whom he 
most admired was extraordinary, and as a rest from the graver 
hibors of a geological investigation he would sometimes repeat 
pages of graceful lines. While extremely cautious in expressing 
any opinions on religious subjects he did not conceal from those 
who enjoyed much of his society that he was an agnostic of his 
own peculiar kind, neither aftirmiiig nor denying any of the dog- 
mas of any church, but finding much to respect in all of them. 

Like most men of ability, J)r. Hunt admired women and recog- 
nizee! the need of their refining influence. He was too great a 
man to be above enjoying '• small talk" when he found himself 
among those who produced no other kind, and if it was surprising 
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to hear this learned sci(»ntist repeating pages of sentiuientul verse, 
it was still more so to note that not only eould he on occasion 
excel in the art of colorless polite conversation, but invariably 
excited the admiration »)f his hearers bv his accurate memory for 
the thousand tritles which form its staple, and, in fact, act- 
ually enjo\'ed it. Nevertheless, a wonl was enough to divert him 
from this light pastime, an<l he won Id lose the smiling presence 
w^hich accompanied his badinage ami drop by instinct into a 
thoughtful and well i'Xpresstnl monologue. 

He Jiad a keen sense of the humorous and a loud and conta- 
gious laugh which inspired in others as much hilarity as the sally 
which calle<l it forth. His nature Avas emotional, but conti-olleci 
by strong and well balanced reasoning jjower, so that no serious 
view of his on any scientific^ subject was influenced by it. It 
follows that where this reasoiung power was not exercised, as in 
the ordinary small worries and mishaps of life he exhibited an 
extreme passion, tenderness, or sensitiveness. This charac- 
teristic while it enabled him to enjoy much that was unfelt by a 
coarsi'r nature, was ui'vertheless, the cause to him of extreme 
sutfering from causes which would have made no impression on 
most men. 

His weaknesses were not those* which could detract from his 
greatness, nor did they contain anything sordid or hateful, while 
the salient ix)ints which <listinguished him above others placed 
him in that indefinable class of great men whose thoughts have 
moulded oiu* century. It was an instructive lesson in psychology 
to stand l)esid(» him and observe how smoothly and forcefully his 
mind worked on subjects of the greatest ditticult}*, ami how 
bea^itifully it recorded its work in well chosen sentences cadenced 
to expn»ss the smallest variations of meaning, and so beautifully 
clear as to render further interprc'tation unnecessary even for the 
least intellisjent of his hearers. 

The conversion of Dr. Hunt from the views of Mather, who in 1843 
rejected the theory which assumed the Adirondacks or Macomb 
mountains to be primary gneiss, as described by Maclure in 1817 
and afterwards more fully by Amos Katon in 18o2, and substi- 
tuted another in which a great part of the crystalline rocks of New 
York, .such as the Hijrhlamls, and also those of Canada, were con- 
sidered altered Silurian deposits, gives a good illustnilion of his 
fairness aiul astuteness. While Murray and his official superior, 
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Logan, were of the opinion that the Green >[<>unUiin range in 
Canada wsis altered paleo^coic, ITuat was privately convinced of 
the trnth of the conchisions di-awn li}* Macfarlane & Bigsb}' in 
18r»2-Gi5, and tlioiigh for several years he conld not state his 
change of view in the otticial pMbiieations of tlie Canada Geologi- 
cal Survey, he announced it in 1870, and a<lded athlitional rea- 
sons in its support. Dr. Hunt has given a sketch of this episode 
in the Americ.vn (Jkommhst. [(Jeologieal history of the Quebec 
group, vol. V, p. 212, 1890.] 

This conversion made him an active partisan of the pre- 
Cambrian party in similar e<mtroversies in other countrit»s, and 
brought him in contact with ]>r. Hicks, wlio in 18f)7, in eollalmra- 
tion with Harkness, published his reasons for differing from the 
opinion of De La Beche, Murchison and Ramsay, that the 
crystallin(» schists of north and south Wales were altennl Cam- 
brian. Hicks finally announced in 1877 that they belonged to 
two unconformable series of different geological iiges, V)ut both 
older than the oklest Cambrian. In 1878 Dr. Hu^nt, Vtoi. 
Hughes, of Cambridge, Prof. Torell and others, visited the. 
localities in Anglesev and (\irnarvonshire. and confirmed Dr. 
Hick's conclusions. The hislorv of this controversv l>etween the 
official geologists of the Ih'itish (ieological Survey and Dr. Hicks, 
and ultimately the complete triumph of the latter, are mattei*s of 
recent occurrence. Dr. Hunt lent valuable assistance to his 
Welsh friend besides finding a confirmation of ills own (H)nclu~ 
sions as to the pre-(Uimbrian character of like American series i|i 
this analogous <lisc()verv across the soa. 



One of the secrets of Dr. Hunt's success was his indefatigable 
industr}'. H(» rarely made notes in the field, but t)n relurning^ 
from a long and arduous day's tramp through tlie mountains 
r<»tired to his room after the evening meal and wrote down the 
results of the days work; thus sparing himself many an erasure 
of opinions expi^esseil in the morning which further obs<»rvation 
in the afternoon served to refute. This labor wouUl often occu[)y 
him far into the night, but he never omitted it. and his thus 
thoughtfully compiled notes often became without change, parts 
of his i)ermanent works. 

He was one of the few great ol)servers who was also a great 
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geiierulizer. Many persona who could not fully gi'anp bin ideas 
spoke disparagingly of the manner in which he would often allude 
to some geological horizon as occurring from Alabama to Canada, 
but he had well weighed his words before making such state- 
ments, and further investigation })ut serv(»s to confirm their 
accunicv. 

He could see farther into the plan of construction of the 
earth's shell than his observations would justify him in asserting, 
and he chafed at the restrictions which the slow accumulation of 
facts condemned him to; still he did not abuse that highest of 
research's weapons, the scientific imagination, but sul)ordinated it 
in stating conclusions, and onh' gave it full play in the recon- 
naissance which precedes research. 

By Dr. Hunts death, science is poorer by one earnest votary, 
and America is depriveil of one brilliant and useful son. 



MAN AND THE GLACIAL PERIOD.* 

1{. D. Salishl'UY, Chicago, 111. 

This* volume does not profess to l>e n contribution to advanced .'ici- 
ence, so much ns n sunininry of the work heretofore aecomplished in 
certain lines of scientific activity. In its author's words, it is intended 
to give **a clear view of tlie [)resent state of jjrogress in one department 
of the iiu[uiries concerning man's nnticpiity," that department being 
indicated by the title of the book. The standards by wliich the book 
is to be judged are tlierefore not the standards which would be made 
use of were the book an original contribution. 

The general .scope of the book maybe indicated by the lieadings of 
the various chapters. These are as follows: L Introduction. II, Ex- 
isting Glaciers. III. (Tlacial Motion. IV. Signsof J*ast (ilaciation. V. 
Ancient Glaciers in the Western Hemisphere. VI. Ancient (ilaciers in 
the Eastern Hemisphere. VII. Drainage Systems in theCilacial Period. 
VIII. Itelics of :Man in the Glacial Period. IX. The Cause of the 
Glacial Period. X. Tlie Date of the (ilacial Peri(Kl. 

* 

The i>urpose of the introduction is the definition of some elemen- 
tary terms used in glaciology. Unfortunately some of the definitions 
given are incomplete, while others are so far erroneous as to be 
wholly misleading if one is de])endent on them. A glacier is said to 
be "a ma.ss of ice so situated and of such size as to have moti<ni in it- 
self," (p. 2.) N(''ve is said to be the "motionless part" of a glacier. 
To this motionless nC'\0 Is attributed the function of generating the 

♦By G. Frederick Wright, International Scientific Series. D. .Apple- 
ton & Co. 
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"impulse" which gives the glacier it« first movement, (p. 3). The 
statement concerning the origin of terminnl moraines recognizes only 
superficial material a*; entering into their constitution, (p. «). Kettle- 
holes are ascribed to the melting of ice buried by debris, (p. 7), but on 
page 68 it is only a *'majority" of "kettles," which are thus explained. 
With the exception of that concerning nC'vi*, these definitions are not 
wnmg, but they are incomplete, and are likely X/o give use to errone- 
ous conceptions. 

The chapter on existing glaciers is a convenient summary of known 
data concerning the distribution of existing glaciers. It could have 
been desired that fuller references to authorities had b<HMi given here 
and elsewhere. Perhaps the popular character of the book makes 
their omission ])ardonable. 

The discussion of the signs of ])ast glaciation is concise and to the 
point and will commend itself to all renders. lUit we notice that in 
this' connection one line of evidence which is locally crucial, and al- 
ways significant, viz.: topogra])hy, is entirely omitted. 

(^haj)ters V, VI and W.I are those which will most int<'rest geolo- 
gists. The chapter on ancient glaciers in the western hemisphere 
gives a brief account of the glacial period in North Americn, accom- 
panied by much fuller consideration of details concerning the drift 
formations of IVnnsylvania than is demanded by the j>urpos(» of the 
book. The details add nothing to the portrayal of the subject in hand, . 
and can hardly fail to be confusing to those who are not geologists. 

The position of the terminal moraine from the Atlantic const west- 
ward to Ohio is carefully defined. TUit where the moraine departs 
from the margin of recognized drift, our author leaves the morainic 
line and traces out the line which marks the border of drift, without 
clearly indicating that the one line is not a ccmtinuation of the other. 
The departure of these two lines from each other west of iVnnsyl- • 
vania, taken together with all cimcomitant phenomena, is most signi- 
ficant for the theme of the book. To the divergence of these two' 
lines we attach much more iiniwrtance than does Prof. Wright. We 
should, therefore, have emphasized their separation much more thau' 
he does. 

Home ideas advanced in this chapter are not likely to command 
general assent, (-oncerning drumlins in general it is said (p. 7t5) that 
"if time enough had elai^sed, the whole accumulation (of the drum- 
lins) would have been leveled by the glacier, and sj)read over the 
broader area where the more rapid lines of movement became con- 
fluent, and where the differential movement was less marked." This- 
statement would seem to make drumlins the result of a destructive 
process, interrupted before its completion. This statement is nuide in 
connection with a reference of approval to Prof. Davis' view concern-- 
ing the origin of drumlins, though it is not clear whether or not pro- 
fessor Wright means to attribute this particular notion to Oavis. 
The idea that drumlins are the result of a destructive process inter- 
rupt<»d before its conjpletion, finds further expression where the 
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author says (p. 94) that the drmnlins of central New York "are prob- 
ably remnants of a morainie accunuihition which were made during 
a pause in the first advance of the ice, and were finally sculptured 
into their present shape by the onward movement of the ice." This 
view concerning the origin of certain drumlins was suggested (by 
Hitchc<K'k, we believe) many years since, but we are not aware that 
it has found general acceptance. The peculiarly elongated character 
of the New York drumlins, quite unlike the "choppy" form of morainie 
hills, would seem to make this notion of their origin less applicable 
to the drumlins of central New York than to those of any other re- 
gion. Surely the author is not consistent in accepting Davis' idea of 
drumlin origin, which distinctly makes them constructive forms, and 
in accepting also this other idea, which as distinctly makes them 
destructive forms. 

On p. 1()0, the iiUcrlohatf moraines which have been so carefully 
differentiated from other forms of terminal moraines, are referred to 
as "a sort of medial moraine." If Vrof. Wright's definition of medial 
moraines on j). 6- be right, and w<» think it is, tlie.se interlol)ate mo- 
raines are not in any sense medial moraines. They are tfnninal to 
two ice lolx's along their line of meeting, and are, theirfrtn\ intrrlohate 
and ttot ill (iiiij itt'uHt' "mr'J////." 

It seems to us unfortunate, too, that at a stage in the development 
of glaciology when kames and eskers are coming to be differentiated, 
that they sliould be classed tog(»ther in a book which purports to be 
up with the times. These two drift forms are no doubt scmiewhat re- 
lated, and the (me may locally run into the other, but the types, as 
such, seem reasonably distinct. 

We are compelled to dissent from our author's statements (pp. 89, 
see also pp. 84-85) to the effect that in passing over a region furrowed 
by valleys, the ice should extend further from its origin on the eleva- 
tions, than in the valleys. We are not familiar with the facts in 
Pennsylvania, but in all regions with which we are familiar, the ice 
went further south in the depressions than on the uplands, and we 
do not see how any other ccmdition of things could be possible, as a 
general fact. 

To the statement (p. 69) "it should always be borne In mind that 
they [glacial strije] represent the work done during the closing stages 
of the [ice] period," we also take excepticm. It seems certain that 
striae made when the ice first invaded a region might easily become 
buried by drift, so as to be preserved indefinitely. 

It is to be regretted that a volume which has the commendable pur- 
pose of setting forth in popular form the results of glaciology to date, 
should lay so much stress upon the unity of the glacial ])eriod. If 
Prof. Wright believes there was but one ghicial epoch during the 
glacial period, he has a right to his belief, which no one will dispute. 
But since the aim is to set forth the present condition of opinion, it 
would have been better to have indicated that the view advocated in 
the volume is the view of the minority of those competent to form 
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judgments in the premises. No one who holds the view that there 
were two or more glaeinl e]KX*hs can comphiin tliat our author at- 
tempts to meet tlieir arguments, but they could wish tlmt he had 
given tliem more u])preciative and more adeqiuite consideration. 
This much at least was due his readers. It does not seem to us that 
the arguments for more than one ice-epoch are at allniet in any single 
instance. Mo point is urged against distinct e])ochs, which the be- 
lievers in recurrent epochs have not carefully considered, and re- 
garded as insuHicient to overbalance the j)osirive evidence on the 
other side. 

If "we iniderstaiid the arguments which have been adduced for more 
than one glacial epoch, Prof. AV right has altogether ignored one of 
the strongest of them, unle.ss his third iM>int (p. 118) is a misinterpre 
tation of it. lie refers to the "argument for two distinct glacial |)eri- 
ods, (we presume he means epochs) drawn from the snuiller apparent 
amoiuit of glacial erositm over the southern i)art of glaciated area. 
* * * * " As we understnnd the erosion argument, the above 
does not touch it. The argument is this: The older drift sheet (as 
interpreted by most glacialists who have studied it) hu* xnlfcnd wurh 
won.' iiftJuierlul croHttH) sinrr if iras laiti (itm'ii than has the uewer drift 
sheet: — numy glacialists would say several times as uiuch. This is 
the (mly erosion argument we have known to be esj)ecially urged in 
sui)port of two ice-e]>ochs, and this our author does not toudi. 

Since the idea of more than one ice-epoch began to receive careful 
attention, the drift of opinion seems to have been towards its accept- 
ance, both in America and in Eiiroi)e, So far has this gone, that in a 
paper just published, Prof. .lames (Tcikie goes to the extreme (as it 
W'ould seem t(> numy) of map[>ing the ice of the fourth glacial epoch 
in Europe, and believes there was at least a fifth. In this ])articular 
therefore, the volume can hardly be said to represent "the present 
state of progress." 

In the course of his consideration of the arguments for two glacial 
eiK)chs, Prof. Wright indicates that the (K-eanic waters probably 
reached southern Illinois and Indiana during the time of loess dei>os i- 
tion, (p. 121)). How this conclusion is reached we are not told. The 
fossils of th(» IcM^ss wt)uld seem to be conclusive evidence against it. 
AVe are further told. (p. 113) that the ])robable cause of the ice-epoch 
was a late Tertiary or post-Tertiary elevation. While this is a com- 
mon view, there seem to us to be unanswered and unansw<»rable 
arguments against it, and if we are not nu'staken the jireseut drift of 
opinion is away from it. 

In this connection, too, we have a strange "well-known law of 
parsimony" stated, a law "which recjuires us in our ex])lanation of 
phenomeiui to be content with the least cause which is sufficient to 
produce them," apparently without regard to its truth. This is cer- 
tainly a curious law\ 

In the chapter on drainage systems in the glacial period, we read 
again of the hypothetical glacial lake caused by the hyiKjthetical ice- 
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dam at (Cincinnati. We hud BuppoHed tliiH n<»ti()n nearly obsolete. 
It has been concluHively Khown. so it .seems to many geologists, that 
if the hypothetical ice-dam and its lake existed at CinciiniatiJt could 
not have fonned the terra<'.es attributed to it, since they are not lake 
terrat^es. It has been further shown that the silts ascril)ed to tlu* lake 
along the Ohio above the site of the allegt^l ice-dam, are continuous 
with like silts which <K'cupy corresponding ])ositions 1m*1ow the alleged 
ice>dain. and therefore were not d<*{)osited in a lake nuide by it. If^ 
therefore, the Cincinnati ice-dnin hyjM>thesis survive, its supporters 
must needs find some new basis for it to n'st uptm, ft)r n dam nuist 
have a foundation beneath it. 

I*rof.» Wright seems to us often unjust toother Americiui geoh)gists. 
Home of these «re ignored, even wh<»n their work has a direct and im- 
portant lH*aring upon the subject \nider discussion. In some cases 
they are mis<| noted or [misinterpreted, or their work put in a false 
relationship. This is doubtless a no mare serious charge than care- 
lessness. But in some cases the careh»ssness giM^s so far as to be seri- 
ous. For exami)le: Pres. ChainlM'rlin is ipioted as "nuiintaining" that 
the ice-eptK'hs were "separated by a iK*ri<»d in which the ic(» had 
wholly disappeared from the glaciated area to the north," (p. 109). 
('hamberlin's printed statenjent on this point, in discussing the retreat 
of the ice after the first glaoial epm'h, is this: "How far to the north 
this relreat carried the nnirgiu has not yet betMi ascertained, but the 
growing tendency of the gathering evidence is to throw it farther and 
farther back, and it is thought to Im^ quite safe to believe that it with- 
drew entirely from our territory, if not fnnn the Canadian highhnur' 
(vol. f, Geol. of Wis., p. 271 ). The same author is again mis(]Uoted in 
connection with Prof. Comstm-k. These gentl<Mnen have suggested 
that changes of latitude in past times nuiy pt^rhaps have been a <'au.<e 
of gbu'ial dinujte in those regions which now possess a genial clinuite, 
supporting the suggestion by astronomical ot)servations on actual 
variations in latitude in recent times. They have pointed out the 
importance of <'areful o])servation on this point in the futun', and the 
need of most thorough investigation of the whole subject of |Mile 
movements. One or both of them have speculated conc(»rning the 
climatic results which would have attended wanderings of tin* pole 
extensive enough to l)nng it down to (ireenland. For this they are 
quoted (p. 307) as "nuiintaining" that th(» north j)ole "was somewhere 
in the region of central ( ireenland * * *" at tln» time of the gla- 
cial period. 

.\gain, in connection with the nferences to the driftless area, (p. 
103) the credit for its explanation, so far as it is ex[)lained, is attri- 
buted to Chamberlin. 15ut Winchell and Irving had both urged some 
points in tJie accepted explanation before its fuller statement by 
Ohamberlin, and to each belongs some part of the credit. The refer- 
ence to the work of ISIr. Leveret t (p. 101) seems to ini[)ly that it is 
inconsistent with the work of Ohamberlin, while in point of fact this 
work was inaugurated and directed by the latter, and some of the 
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])r(*liiiiinnr\ dctcrininations wore inndo l>y \\\\\\. Tlio roforence U) the 
work of \Vhirth*s<\v (\>. I<H>) is siirli as to jrivo tlie ini|>n»ssio!i that he 
had fully und(*rstood mid interpreted the "kettle ranK«*" <>f eastern 
Wisconsin. Col. Whittlesey was, we believe, the first to reoojfnize its 
glacial orij^in. but we In'lieve he did not ^o further. Many other 
illustrations of inaeenrate statements of tlie views and works of others 
nii^ht be cited. These things are of importance to the public chiefly 
in showing the carelessness with w!ii<'h the Ikwik has been prepar(»d. 

It is no exaggeration to say that facts are no more carefully dealt 
>vith than authors. Of this, more than ont» instance has already l)een 
]»ointed out. We take space for but a singl(> further illustration. 
This is the njap of the Trenton gravels, and the statements concern- 
ing the F*h'ist(K*ene formations along the Delaware. This is critical 
ground for th(» cpiestion announced in the title of the volume. The 
Trenton gravels are map|>ed as extending north-ward beyond the 
confines of New Jersey. They are mapp<Hl as extending something 
like ten miles below Trenton on the New Jers(»y side of the river. 
The Trenton gravels, properly speaking, do not extend north of Bel- 
videre, where the terminal moraine crosses the Delaware. There is 
gravel in the Delaware valley north of that |Miint to be sure, but it is 
of jiuich later origin than that at Trenton. That at Trenton is of 
equal age with the gravel of the dissev»»red terrace reaching as far 
north as IJelvidere. but no further. Its equivalent doubtless exists 
ah)ng tlie Delaware to the south. But it lias not been defined. If 
the sand and gravel of the area nuipp^'d as Trenton gravel lielow 
Trenton 1m» really its ecfuivalent. then the area runs much further 
south. Rut we think l*rof. Wriglit has given no attention to this 
ijuestion, and that he is not attempting a new mapping. The Trent<»il 
gravel was. we are confident, deposited not "when the ice had 
melted far back towards the head-waters of the Delaware" (p. 261), 
hut during the last glacial eiMK-h while the ice edge st<M)d at Belvidere. 
Prof. Wright's conclusion as to the time of de|M>sition of the Trent-on 
gravels is forced upon him by his adJierence to the doctrine of but one 
ice-epoch. There are the troublesome Philadelphia brick clays 
((•olumbia) which even I*rof. AV right recognizes as much older than 
the Trenton gravels, to 1m' accounted for. If the two formations 
must be included within the limits of one ice-ep<K'h, it is no wonder 
that the origin of the latter is assigned to a date much later than that 
of the moraine, even if the facts of their stratigraphy must be 
neglected to get Ihem (here. There is really no area with which wC 
are familiar where the evidence ft)r more than one ice-ep<K'h during 
the gbicial pericKi is stronger than in the Delaware valley. If Prof. 
Wright does not see it there, he is not likely to see it elsewhere. 

Such an exi)ression as "glaciated driftless area" and such a state- 
ment as that "the transporting capacity of water is in inverse ratio 
to the sixth i)ower of its vehK!ity*' (p. 58), are to be nc»ted only to se- 
cure their correction in future editions. They are mere slips. Per- 
haps the reference (p. 69) to "gneiss," "containing beautiful crystals 
of porphyry" belongs in the same category. 
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III two places our niithor makes chums which we think are not jus- 
tified. The statement (p. 212) that "during the summer of 1882,1 
discovered the existence of unmistakable glacial deposits in Boone 
■county" (Ky.), seems hardly consistent with the earlier published 
descriptions of the Jioone county drift by ^lessrs. Sutton and Warder. 
From these authors, l*rof. Wright himself (}Uoted in 1884. Again 
"(p. 02), our author says, "I haye traced this limit of southern bowlders 
for thousands of miles across the ccmtinent, according to the delinea- 
tion which may be seen in the map in a later chapter." This is cer- 
tainly an unscientiKc exaggeration. 

If we turn to«the anthropological or archa-ological side of the book, 
we find the discussicm very brief, so far as glacial man in America is 
•concerned ; properly so, since the evidence does not appear to be 
voluminous. Our author's conclusion is, that paleolithic man existed 
in America during the glacial epoch. It is not represented that this 
<'(mclusion is (piestioned, or that it is open to (piestion. The evidence 
is regarded as suflicient. Even if this condusiort seems to the author 
warranted, it would liave ))een but just to his readers and to archw^ol- 
ogists, who hold difTerent views, had the author stated that tliere is a 
growing feeling that the evidence of glacial man is not l)eyond qires- 
tion. So far as A njerica is concerned, the evidence of "paleolithic" 
man, glacial, jire-glacial, or post-glacial, is now U>oked ui>on by many 
as extremely susi)icious in cliaracter, as well as meagre in quantity. 

With reference to the "jmleolithic im])lements" which are thought 
to prove the existence of glacial man, two or three troublesome ques- 
tions have l)een raised, none of which Prof. Wright considers. Im- 
plements and works of art may be introduced into gravel by various 
pnxiesses, after the gravels themselves have l)een laid down. Were 
the "paleolithic implements" so introduced? This is a geological, not 
an archieological question. Expert geological testimony that theJ 
implement^*" are so associated with the gravel as to prove that they 
were introduced int4> it during its de))osttion in glacial times, is noir 
forthcoming. If they were intrcxluced lafer, the su}>iM>sed proof of 
glacial man is gone. 

So far as this line of evidence is concerned, recent investigation 
seems to indicate conclusively that the "implements" of another lo- 
cality cited by our author, were introduced into the glacial gravel in 
post-glacial times. Perhaps the same may have lieen true at Trenton. 
There is a growing conviction that such may have l)een the case. It 
is not regarded as certain, therefore, that the "imi)lements" at Tren- 
ton, are of glacial age. In the second place then* is a question as to 
whether they are "implements" at all. And yet again, it is doubted 
whether they are "paleolithic." As the matter now stands the Dela- 
ware valley "implements" therefore, cannot l)e said to prove the ex- 
istence of glacial man, or even of "paleolithic" man. The case is no 
better if we turn to the other localities cited. Of these newer ques- 
tionings and conclusions we find nothing. On this point the author 
has not fulfilled his purpose of giving the general public "a clear 
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view of the present state of proj^ress in this one department of the 
inquiries concerning man's antiquity." 

We do not wish to Iw* understo<Ki to call in (|uestion the veracity of 
those who liave reported "implements" in glacial gravels. We have- 
no reason to doubt t|>at their conclusions havel)een honestly stated. 
But they may have been in error in thinking tlie gravel, c<mtaining 
the works of art, undisturbed. 

Enough has been said to show that in '*Man and the Glacial Period,"' 
facts are loosely dealt with, that authors are l(w)sely quoted, and some- 
times misquoted, and that interpretations are sometimes given with- 
out question, when the evidence does not warrant thrtn. 

Vniver«ity of Chivtujn^ .Vor. Jo. 



FRONDESCENT HEMATITE. 

By N. II. WiNcHELL. MinnoApolJH. 
PlATKS II AND III. 

In the April (1H92) number of the (Ikommjist, Mr. W. S. 
Gresley gave an illustrated description of a *' peculiar phenome- 
non in hematite," derived from some mine in the lake Superior- 
region tp him unknown. The fibrous structure of the ore sug- 
gested the name trotnf iron o/r, although it was not supposed that 
the ore resulted from fossilization of wood. Mr. <Tresley called 
particular attention to the peculiar holes seen passing through 
the specimen there photographed, this being the chief feature of 
interest. 

RecentU'.a larger specimen of the same form o^ dense hematite 
has conit^ under the writer's notice and the accompanying plates 
(it and in) are reproductions about two-thirds natural size from 
photographs of t4ie opposite sides of this specimen. It is said to 
have come from the Vulcan mine, Michigan, and is one of the finest 
of its kind. Referring to the very full and accnrnle descriptions of 
the physical cliaracti^rs In' Mr. (rresh^y, (»vcrv feature he has 
mentioned, so far as noticed, jippenrs on this specimen, but in 
addition there is a larger number of the peculiar channels pierc- 
ing this mass, and there is a further development of the radiat- 
ing filaments or fibers which, in their comph^tiou in froud-like 
growths, indicate the relation of these channels to the process of 
development. It appears that in th(^ proct;ss of increase* these 
fibers, starting from ditfc^rent but slightly distant points, and 
having a tendency to expand by multii)lication, the growths soon 
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began U) interfere with oaeh other. The line of contact, which 
l)ecame a phine as the jjrowth continued, is marked by the more 
'Or less distinct plane of separation, the [)osition of which can be 
seen in the surface lines extending from these cliannels upward, 
•or in the direction of increase of tlie mass. Following th(;se fibers 
upward to their summits, they are seen to spread out like some 
frondescent vegetable growths, thus illustrating the tt^ndency of 
inorganic matter to simulate the forms seen in organic. This is 
a familiar fact, and ns witnessed in frost on window-panes in 
winter and in dendrit.^s in the crevices of rocks, as well as in 
some ajjatcs and chalcedonv. Some ludicrous mistakes have 
been made by microscopists in referring such shapes to organic 
causes, both in the crystalline rocks and in meteorites. 

The principal problem, however, touching these hematite 
masses, consists in the existence of thes4» channels which main- 
tain their forms and in the main also their dir(»ction through the 
mass. They were supposed by Mr. (Jresley possilily to owe 
their existence to the removal of some object round which the 
hematiti' had grown, )>ut it appears to the writer that they dat<^ 
•from the time of the development of the crystals, and an* normal 
and natural. Their courses can be seen \x\ piat^' iii, and th(»ir re- 
lations to the growing fibers can be seen in plate ii. While they 
run, in general, al>out perpendicular to the fibrous structun\ they 
var3'' from that direction, and their shapes are also various. They 
are always placed in such positions that they lie in or across the 
planes of contact of two opposite-spreading frondescent growths, 
and in some Ciises tliey are at the lower extremit}' of such contact 
planes. Tt appears as if in the first instance they mark the 
vacancies left by the first contacts of over-arching growths from 
opposite direction.s, in the manner of aisles among thickly-set 
trees. The contacting branches then interfered with the free 
circulation of air, or whatever gases there may have been present, 
and interrupted and permanently stopped the development of 
those fibi^rs which had what might be called their foliage and 
florescence beneath tiie over-spreailing canopy. Once checked, 
and air currents established unfavorable to development, the 
crystallizing forces were powerless to fill the passage- \Yay, and 
they were hermetically sealed over by the sub- metallic, nearly 
black hematite scale in which all the natural surfaces except the 
terminal fronds are encased. 
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ON PLEISTOCENE CHANGES OF LEVEL IN EAST- 
ERN NORTH AMERICA.* 

By Haiion (vbicaiu) I)k (rEKit, Stocklioliii, S\\C(l<>n. 

One of tho most innK)rtant priiicipU's upon which j^oology is 
foiiiidcHl is the theory of continental ehangcs of level. The*- 
main points of this theory seem, in several eases, to have been 
w<»ll established by American geolojjists. Thus it has biH»n 
pointed out. that to account for sandstone several th(msand feet 
in thickness, and other deposits in shallow water, it is necessary 
to assume that the sea-l>ottom was sinking at the same rate that 
tht* sediment was a(»cumulating. Again, as the continents in 
certain instances for long periods of time have not lost in liigbt,. 
and this notwithstanding their immense denudation, tliey must 
have Wen gradually rising. It is also very generally admitted 
that many of lh<» abundant alternations of strata dei>osited dur- 
ing different bathymetrical conditions, as well as the breaks be-^ 
tween them, were caused by the oscillations of the earths crust. 
In many instiinces, however, it cannot be decided whether the 
clnuige of level was realh' due to movements of the land, or 
whether it was onl}' the surface of the sea that I'ose and felL 
Since the eminent Austrian geologist, E. Suess. in his grand 
work '*Antlitz der Enle" has in a very ingenious way tried to re- 
fer most of the oscillations to the latter cause, denying the rising 
of the continents altogether, and since his views have been 
adopted by many geologists, it seems particularly desinible to- 
get more i)ositive facts for the final settlement of the ({uesti<m. 

For the present at least it is hard to get such facts concerning the 
oldtT formations, as thev are very oft<»n eroded away to a greater 
or l«»ss extent an<l concealed by younger deposits. It is thus in 
most easels im|K)ssible to determine the original extent of a cer- 
tain layer and especially of the sea in which it was formed. 
.Conse(iuently we cannot determine with suflicient accuracy in 
what way the corresjionding geoid-surfacre has lK»en deformed. 

In regard to the Pliocene and Pleistocene formations it is of 
course less ditlicult. but in many parts of the world it seems as- 
if the old shore-lines, which once marked the limit c)f thest* for- 
anations, were not very well develo|)ed or easily recognized. It 

♦From the Proceedings of the l(ost<in Htx.'iety of Natural liistory, 
vol. XXV. Awarded the first of the annual Walker prizes of the S<>~ 
ciety fur the year 181»2. 



may soraotimes bo due to the fact that wlu*n the shores tiro low 
and consist of loose murine deposits, it is often very ditficult to 
distinguish tlie new from the old formations, and also to ascertain 
t|ie very limit of the last suhmergence. Tlie beach is also easily 
effaced, partly perhaps through wind-blown sand. 

In the glaciated regions, however,^the conditions are often dif- 
ferent and mon» favorable for .the formation of enduring shore- 
lines, as the land is there genorallv covered with till andanmilar. 
stony deljris. forming an excellent material for recording the ac- 
ticm of the waves. Most of tlie old shores are described as situ- 
attul in the glaciated regions, though this may perhaps partly de- 
p«»nd u|>on another and deeper cause. 

Although a great man}* marine* shore-lines, shell deposits, and 
sediments of IMeistocene age have been loveletl in Kuropo* and 
America, it is iievertheloss very rare to find any methodical at- 
t4'mpts to determine their very limit in a more accunite way. 

As far as I can see, that described below is the most suitable 
ami |M*rha[>s the only possible method for this purpose. I have 
test4»d it in the northern part of Europe during the last ton years 
and b}' way of comparison in the eastern parts of North America 
during the autumn of ISJIl. In this paper I shall especially de- 
HcriU* and discuss the results of the last name<l investigations, 
but as these point to a very close analogy with the corresponding 
phenomena in northern Kurppo.'it st»ems appro[)riate to give lii*st 
a gon(»ral view of the latter. 

TNVESTI(iATM»NS IN KlROHK. 

l>uring the summer of 1SS2 1 spent three months in Spitzbor- 
gen studying the glacial deposits and the niised lK»aches, 
Though these were very instructive for the study of the origin of 
shore-linos in g<»neml, the conditions wore not favorable for an 
accurate determination of the uppermost marine limit, the land 
lK»ing rather mountainous, proc-ipitous, and destitute of till. 

Since. that .time I have used every opiH)rtunity to discover and 
determine the marine limit in Sweden. The method I have used 
is the foHowing: On every locality, I start from the highest 
level at which undoubted marine deposits and fossils are found 
in that part of the country; with the aid of the topographic map 
T select alKive the named level a drift-covoro<l hill of sullicient 
hight with moderate slope and with a situation as open as possi- 



ble to tlH' iincitMit watcr-bod}' and as nejir jis possible to a point 
previously leveled. 

Above the water- laid clav and sand then^ is in most cases a 
belt of gravel, and still higlier, where 8e<!iment is almost want- 
ing, there are more or less eonspicuous marks of en>sion and 
water-wash up to a definite horizontal limit. In favorable locali- 
ties this can be determined with an aecnraev of from a few feet 
to less than one foot, liater on 1 will give a more detailed ac- 
count of the methods I hav(» employed for these determinations. 
I will only emphasize here that while geologists have too often 
measured the highest conspicuous shore-lines which happened to 
be developed in ji certain locality, I have used such figures only 
for the first appmximation and when nothing els4' was available. 
On the other hand, [ have always tried to choose hill-slopes so 
uniform that evidentlv the till above ihe measured limit, had it 
also been submerged, must necessarily have shown traces of 
water action in addition to the assorted, washed, and rolled 
material below. 

Tp to the present time 1 have thus leveled the marine limit at 
al»out seventy dififerent points in the soutlieru and centiiil parts 
of Sweden and in a few placets in southern Norway. For north- 
ern Sweden 1 have three or fcmr approximate but important de- 
terminations by Hr)glM)m, Svenonius, and Munthe. For the 
other parts of the Scandinuvian region of uplift the uppermost 
marine limit is not vet determined, but there are in sjeolojrical 
literature a great number of measurements of the hight of raised 
beaches and marine sediments, and from these 1 have tried to as- 
certain the hijjhest available minimum fitiures for different tracts 
in the region. While tlu^y are only preliminary, they neverthe- 
less point very clearly to' the same laws for the upheaval of land . 
that I found to prevail in Sw(»den and it seems allowai)le to use 
them for th<' present, of course with <lue reservation, as the 
principal conclusions drawn from them will probably not be es- 
sentiallv changed by future more accurate determinations. 

To get a general view of the warping of land since the forma- 
tion of the marine limit I have used the graphic method of Mr. 
<J. K. <Jilbert (see his admirable work on Lake Bonneville) and 
have connected with lines of ec^ual deformation, or as I have 
called them imtlntAia, sucli points of the limit as were uplifted to 
the sanu* hight. 
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Among the results of the investigation the following may be 
mentioned as l)eiiig of especial interest for comparison with the 
conditions in North America. 

All the observations evidentlv relate to one . sinsfle svstem of 
upheaval, with the maximum uplift in the central part of the 
Scandinavian peninsula, along a line east of the watershed, or 
m»arly where the ice-sheet of the last glaciation reached its great- 
<»st thickness. Here the land must have been upheaved some- 
what more than a thou.sand feet (more than IJOO metei-s), and 
around this center the isobas(»s are grouped in concentric circles, 
^howiuij a tolerablv rejrular decrease in hight in everv direction 
toward the peripheral parts of the region, until the line for zero 
is reached, outside of which no sign whatever of upheaval is to 
l>e found. 

The considerable hight at which the uppermost marine marks 
are found, and the places where they cx'cur. in the central parts 
of the land, show at once that no local attraction of the land ice 
could have lieen sutHcient to raise the water to anv such amount, 
had the ice been many times as thick and extensive as it proba- 
bly was even at its maximum. Such an explanation seems less 
]>ossible, as there could be very little .room for any attracting 
land ice when the sea covckmI the parts of the land mentioned 
Above. 

But as no local changes of the sea level can account for the 
phenomenon, so it is also impossible to explain it by thegen- 
<;ral oscillations of the sea. either from .the one hemisphere to 
the other, produced by changes in the situation of the center of 
gi'avlty of the earth — according to the assumption of Adhemar 
and ('roll — <ir by oscillations to and from the ecpiator caused by 
<5hanges in the rotation of the earth, as has been supposed by 
4Swedenborg and Suess. If this theory were true, all the shore- 
lines would slope in a single direction, but as they in fact sh)pe 
as well to the south as to the west, north, and east, it is evident 
that the phenomenon must be explained by a real rising of the 
land. 

Moreover the region of upheaval is practically alK)ut tlu? same 
as that of the last glaciation ; especially is it worthy of notice, 
tliat the maximum of both seems to have occupied about the 
same place. 

Still more remarkable is the coincidence of the uplifted area 
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with the Scan ciina villi! azoic ivijioii, or what Siicss has cjiUed 
'*the Haltic shiold. " This comprises Sweden, Norway. Finland, 
and tlie Kohi peninsnhi, or a well defined tract where the old 
rocks are laid bare by erosion and the surrounding lands thickly 
covered with younger sediment. The limit of the Baltic shield, 
where it has been directly observed, and [)erhaps everywhere, is 
marked by great faults. Now the isobase for zero, or the lK)un- 
dary for the uplifted area, seems all the w^ay a little outside of 
the above named limit and follows very conspicuously its con- 
vexities and concavities. Likewise all the other isobases point to 
a close connection between the upheaval and the geological 
and to a certain extent the tojiographical structure of the land. 
Thus it is commonly found that hii^rher tmcts have been raised 
more than lower ; and the basins of the gi-eat Swinlish lakes, 
Wener and prolmbly also Wetter, have been less uplifted than 
their surroundings, which might indicate that they were origin- 
ally more depressed and very proba!)ly formed by unecpial subsi- 
dence. 

The coincidence )»etween the areas of erosion, glaciation, and 

upheaval may be thus explained : as in continental areas in gen- 
eral, this old tract of erosion has probably in the main been one 
of upheaval, while the contrary was the case with the sur- 
rounding regions, where the sediment was accumulating to a very 
considerable extent. During the ice age, among other high 
lands, the Haltic shield n'ceived an ice-sheet etjuai in weight to 
more than a thousand feet in thickness of the rocks which had 
tjeen eroded away during previous periods. As Jamieson long 
since suggested, it is very probable that the crust of the earth 
must yield and subsidence of land take place beneath this added 
load. Therefore it is reasonable that the movements in the crust 
shoidd ))e very much deiiendent upon its geological structure. 

When the ice- load disappeared, the land partly re-emerged, 
until a balance was reached, which seems to have happened ])e- 
fore the original hight was attained, a part of the change having 
b<M*ome permanent. 

If the ice-load was the essential cause of the submergence, a 
still larger subsiden^*e must be supposed to have followed after 
the earli<»r and greater glaciation. It is true that very few tnices 
of unquestionable interglacial marine deposits have been found, 
and that these are all along the boundary of th<' late glacial re- 
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gion of upheaval, or in southern Denmark and along the Baltic 
eoast of Germany ; but this is just what would be expected. 

Then, as Dana first pointed out with reference to the fjords as 
nabmerged river- valley's, the land had probably in the bc^isBing 
nli glacial ttme a much greater elevation than at present. Thus 
it is quite possible, that during the great glaciation a considera- 
ble subsidence from the highc^st elevation occurred, followed dur- 
ing interglacial time bjMi partial re-elevation of the land ; while 
the early marine deposits during the late glacial subsidence might 
have been a second time .so deeply d<»pressed below the sea- level 
that generall}' they have not since Ix^en uplifted sufficiently to 
appear above it. According to this explanation, it is easy to 
conceive why the interglacial marine deiK)sits are accessible just in 
the tracts 'Wliich were least affected by the late glacial subsidence. 

1 take tliis opportunity to r<»mark that in m^' opinion the marine 
sediments which Murchis<m, Venieuil, and Keyserling* found at 
Dwina and Petschoni in northern Russia, and which have been 
lately tniced over large areas by Tschernyschew, t are probably of 
interglacial age, though they are not covered by till, as occurring 
at the outsi<le of the last glaciation. But as their fauna con- 
tains such lioreal and southern species as (^yprum lnhnii1ira and 
Card I inn ftfitlf, it is nol^ probable that they could be contempo- 
rary with the arctic fauna of the late glacial subsidence in Scandi- 
navia. On the other hand, it is difficult to believe that the con- 
siderable oscillation of land in northern Russia could have taken 
place so lately as in |x>stglacial time. Hence there is some rea- 
son to infer that the deposits in question belong to the intergla- 
cial period, aud<it is my opinion that, like the undoubtedly inter- 
glacial deposits 1 le fore- men tione<l, they arc still accessible al>ove 
the sea-level only outside of the region which was affected by 
the late glacial submergence. 

Before leaving the changes of level in Scandinavia I must ad<i 
a few wonls about the latest osctillation, though this ifj not y^t 
quite so wc^ll known, and can only to a certain extent be com- 
pared with the conditions in America. 

After the late glacial upheaval in Scandinavia had procetnled 

•Murchison, Verneuil, uiid Keyserling, Geologic des europftischeii 
Uusslands; bearJx»itet von (i. I^'onhard. Stuttgart, 1848, pp. ^H8-35L. 

tTh. Tschernyschew, Travaux ex<?cutes an Tiniaiie en 1890; Peters- 
burg, 1891, pp, 27, 52. 
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so far OS to isolate the Baltic basin from tlie sea, thus forming a 
lake with a true fresh-water fauna, characterized by Ancylut 
tinvlahlix Linn<^, and after this lake, following the general une- 
qual movement of the region, ha<l been partU' emptied, then, as 
T have sueceedecl in showing, a new subsidence of land occurred, 
by which the outlets of the AuryhtH lake were changed to sounds, 
and a marine though scanty fauna migrated into the Baltic. The 
deposits formed along the Baltic, as well as along the western 
coasts of the land during this last subsidence, are now partly 
uplifted, less in the peripheral and more in the central part of the 
region, but nowhere more than 200-:{(»0 feet above the sea level. 
The}' contain a true p<istglacial fauna, with many southern forma 
which are never found in the late glacial beds. Between these 
two marine dei)08its, peat lM)gs, river channels, and other traces 
of erosion are observed in many places in southern Swe<len, 
showing conclusively that at least this part of the land was up- 
lifted between the two subsidences. 8evend of these peat bogs 
and river channels continue below the level of the sea, and such 
signs of submergence are also found at the southern shore of the 
Baltic and around the North sea. 

It is not yet possible to say anything with certainty alK)ut the 
nature of this last oscillation; but while there seem to be some 

■r 

difllculties in such an explanation, it may bi* iK)ssible that we 
have to deal here only with oscillati<ins in the situation of the 
pivot iK)int of the crust-movement or the isobase for zero. Pro- 
fessor X. S. Shaler has suggested,* that while the continents are, 
as a rule, rising, and the sea-fl<H)rs sinking, yet it may happen 
that the pivot point, when it lies somewhat at the inside of the 
shore, will take part in the sinking of the sea-bottom, and then it 
will seem as if the continent were sinking, though in fact it may 
verv well be risino: in the interior. If it should turn out that this 
ingenious explanation couhl Ik* applit»d to .the Scandinavian oscil- 
lations of land, then the whole phenomenon would be more easily 
undei-stood: accoi*ding to this theory, in the center of the region 
after the removal of the ice-load a constant rising of the land 
occurred, and at the same time pi-obably a sinking tif the sur- 
rounding sea-bottom, in which latter nioveni(»nt some portions of 
the land for a time took part during the postglacial subsidence, 

* •* Ueceiit changes of level on the Coast of Maine," Mem. Bost. 
Soc. Nat. Mist., Vol. n, p. 337, 1874. 
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After that, the portions mentioned began again to participate in 
the great continental upheaval, which seems to be still going on, 
though probably at a much reduced rate. 

Tnvkstigations in North America. 

Ohitcriuitumg. 

The very interesting and valuable investigations of Gilbert., 
ITpfasm' and Sfiencer, have shown that the shore-lines along the 
great lakes in the interior of eastern North America have been 
unequally uplifted more toward the north than toward the south, 
and this seems to be quite in a<?cordance with the generally 
adopted opinion in regaitl to the marine deposits along the Atlan- 
tic coast. This opinion seems to have bi»,en founded principally 
upon the different hights to which marine shells could be traced 
in different tracts, this kind of evidence being the most indis- 
putable, though on the other hand affording only minimum 
figures. Concerning other proofs, as shore-lines, terraces, deltas 
and sediments of supposed late glacial age and marine origin, the 
opinions of different authors have been much more divergent. 

As examples of this diversity of opinion the following figures 
may be quoted; a few only refer to shell localities. 

In his Manual of Geology (18fi3), J. D. Dana mentions for 
the highest marine deposits: 

South of New York, Be Idem over 

At Brooklyn, Ix)ng Island 

In Southern New England 

In Maine, not more than 

At Lake Champlain 

At Montreal, above Lake St. Peter 

In Barrow's Straits 

In N. S. Shaler's pai)er on Recent changes of level in Maine 

(1874), we find for 

New York City a few feet. 

Deer Isle, in Maine, at least 200 " 

Belfast, " about 250 

Between Milbridge and Machiasport, at least 100 " 
At Labrador, " 1,000 " 

On the Greenland Coast " 2,000 " 

The same author in later papers assumes for' 

Nantucket Island (18H9), at least 300 feet. 

Cape Ann (1890) 130-150 

Mount Desert (1889) 1,300-1,500 
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W. Uphain ineiitions in the appendix to Wright's work on the 
lc<? Age in Nortli America (1889), for 

Boston and nortlieast to Cape Ann, probably 

not more than 10-25 feet. 

Maine (Stone) alK>ut 225 " 

Nova Scotia and C'ape lireton Island wanting. 

Bay Chaleur (Chalmers) not more than 200 feet. 

Opposite Baguenay (Chalmers) 375 " 

Montreal (J. W. Dawson) 530 

AlK)ut 130 miles W. S. W. from Montreal (J. 

W. I)aw:4on) 440 

J. W. Spencer, in a paper on Post- pleistocene subsidence v$, 
glacial dams (1891), claims as marine and as belonging to the 
same submergence all the beaches and terraces along the great 
lakes. a.s: 

On summit east of (irrand Traverse Bay, 
Mich. (Rominger) 1,682 feet. 

W. from CoUingwood at the Niagara escarp- 
ment 1,200-1,425 

At Dog Lake (H. Y. Hind) 1,425 

In Potter (.'ounty, AVest^rn Penn., a low 
gravel ridge ♦ 2,660 

At the Upi>er Potomac, terraces with round- 
ed boulders (I. C. White) 1,676 

Nachvak, in Labrador (R. Bell) 1,500-2,000 

In Vermont ( Hitchcock ) 2,300 



« 
it 
u 



From erratics on the top of mount Washington, 6,300 fee^ 
and on mount Katahdin, 4,400 feet, the author concludes that the 
subsidence extended so far and was greater there than in Labra- 
dor, t 

F. J. H. Merrill gives, in his Postglacial history of the Hod- 
son River valley, t the hights of sevenil delta deposits an4 
plains which he considers marine: 

* ('onsidered a kame bv II. Carvill I^ewis. 

t It may be mentioned here that the silt and terrace deposits, 3,000 
feet above sea level, which Spencer mentions from Norway astproof 
of an analogous great submergence, are certainly not of marine 
origin, and are most probably analogous to the ** parallel roads" in 
Scotland. They are known in many localities in the higher valleys of 
Norway and Sweden, but there is not one Scandinavian geologist who 
considers them as marine; the well marked marine area is much 
lower. 

+ Am. Jour. Sci., rii., vol. xi.i., .June, 1891, p. 462. ^ 
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At New York 

Mouth of Croton Uiver 

Peekskill 

West Point 

Fishkill 

Sflienectadv 

As some of the ul)Ovc fij^ures s<*em diftieult to reconcile, and as 
the marine origin of several of the deposits seems also question- 
able, I have thought it us<'f ul to make another series of observa- 
tions, and have employed the same methods wliieh 1 used in 
Scandinavia. 

Pfi'tJi Am buy. 

During a short visit made in company with professor Smock to 
Perth Aml>oy, soiithvvest of New York city, just where the great 
terminal moraine reaches its southernmost point in this tract, 1 
could not find on the surface of the moraine any traces of marine 
erosion above the well developed terrace at the present sea-level. 

New JLtrtH. 

At New Haven 1 had an op[X)rtunity. during an excursion with 
Prof. J. 1). Dana, to see the lowest of the late glacial river- ter- 
races or flood-plains so admirably describe<l by him, with their 
remarkably well preserved kettle holes, but withoiit any traces of 
former shore-lines. At the same time T visited the present sea- 
shore at West Haven in company with Mr. H. LundlM>hm. The 
even flood-plain descends with a continuous sloix^ to the very edge 
of the actual shore- terrace or to a level about 17 feet above 
highwater mark. On the surface of this terrace there lies ex- 
posed in the cliff an earthy bed one or two feet in thickness, con- 
taining shells of oysters and Vrnutt menemirifi which no donbt 
formed an Indian kitchenmidding and show that since \t% forma- 
tion the terrace has been cut back. The foot of the cliff lies 
about thret* feet alK>ve what I assume<l to be the ordinary high- 
water mark and evidently represents i\w actual storm-level. 
These facts seem to be in accordance with the assumption that 
this coast is slowly sinking, and 1 failed to find any proofs that 
since the Ice j^e the land was ever mow deeply submerge<l than 
it is now. As the original land surfac*e here is cut away by the 
recent wave-action, this locality does not prove anything for 
levels lower than 17 feet. Thus, though it cannot be denied that 
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there might have been, as professor Dana has suggested,* a sub- 
sidence about 10 or 15 feet below the present level, it appc^ars 
that even this slight amount cannot ]>e allowed until a series of 
measurements in ditferent localities gives closely corresponding 
values for the extreme marine limits. 

Mn rth (I ' M Via ctfti rd. 
On Martha s Vineyard, where Ihad the advantage of Prof. N. 
S. Shaler's guidance, I could only confirm his observation that 
no raised besiches of any kind were to Ih» seen. Where the ter mi- 
nal moraine touches the flats of Tertiary clays, the topographical 
features are sometimes at a distance terrace-like, but no true 
marine terraces either cut or built could be observed. So com- 
plete indeed is the preservation of the tojwgraphy from marine 
erosion that professor Shaler, who has thoroughly investigated 
the island, has come to the conclusion, that if this tract has l»een 
submerged it must have been uplifted quite suddenly. But it 
seems unnecessary to make use of this explanation ; for while T 
have not seen many of the kames in this hjcality, T should 
imagine that it would be easi<M* to account for their ridge-like, 
winding shape, if we assume that they, like the ordinary osars^ 
originated between walls of land -ice or possibly in some cases of 
river- ice and snow. If they had been deposited in the sea it 
would appear that the shape should have In^en more like a delta 
or a Imilt terrace. As to the submerged valley's on the southern 
side of the island, these might also be most readily explained by 
supni-marine erosion of glacial rivers; for if they were formed 
below- the sea-lev(»l, by l)ottom-currents, coming fr(»m the mouths 
of sub-glacial riv(TS, we might expect them to be broadest and 
deepest at their ])eginning, whereas on the contrary they regu- 
larly increase in size as they depart from the terminal moraine. 
Moreov(»r it seems scarcely probable that such currents could 
have k(»pt together for more than five miles, and it is specially 
difficult to account for the fact that all the small tributaries come 
in at great angl(»s. Furthermore, 1 may remark that all the 
glacial rivers that T have observed in S[)itzl)ergen pour out their 
muddy w^aters as a thin layer on the surface of the sea, even in 
the interior of the fjords, where the sea-water is probably much 
less salt than on the open glacial coast of Martha's Vineyard. 

* " On Sc>uth(;rn New Kngiand during the melting of the great 
glacier/' Am. Jour. Sei.. in., vol. x., Dec, 1H75, p. 434. 



Botli at Vinevard Haven, ^larthas Vineyard, and at Wood's 
lloll on the mainland, the aetnal shore,- terrace is very well marked 
and tlie beach is covered with numerous residuarv boulders, while 
the ditfs often consist of unwashed till, which has evidently 
never been sulnnerged. 

In the neij^hborhood of Boston 1 made excursions in company 
with Mr. Warren Upham and examined especially the surfaces of 
several drumlins without being able to see any traces of marine 
action above the foot of the hills, some 10 or 20 feet above the 
marshes. At the marsh level north of Powderhorn hill in Chelsea 
we visited a claypit showing to a depth of more than 10 feet a 
fine laminated clay with occasional drifted boidders, probalily of 
marine deposition. 

One da}' in company with Prof. W.O.Crosby and Mr. Lundbohm 
we studied several terrace- like benclies on the sides of several drum- 
lins which had been previously observed I »y professor (Vost)y; but 
lus we found that they had sometimes a considerable slope, perhaps 
1:10 or 1:20, and were not developed in the greatest degree on 
the sea side, we agreed that they could not be of marine oriojin. 

Though the marine terraces cut in the drumlins along the ac- 
tual shore arc very sharply marked, their cliffs 100 feet high and 
their bases covered with residuary boulders, it might seem possi- 
ble that terraces cut in such a loose material wouhl not be pre- 
served from slipping down for any long period. Nevertheless the 
presence* of benches on the drumlins at Boston, as well as the 
very conspicuous cut-terraces in drumlins at the late glacial Iro- 
quois beach on the south side of lake Ontario, makers it very prob- 
al)le that if the land at Boston had really been submerged to a 
great depth, the limit of the marine erosion at least, and perhaps 
several lowc^r levels also, would have l)een recorded on the* drum- 
lins In* shore-lines easily distinguishable in many places, though 
perhaps s<miewhat downfallen. 1 am therefore (piite of Mr. Up- 
ham's opinion that the subsidence at Boston was slight. In full 
accordance with this is professor Crosby's statement, that while 
the till in the Boston basin consists in great part of fine, clayey 
material, the wide-spread modified drift above the marsh-level 
c(mtains nothing but gravel and sand, thus indicating that above 
this level tliere was no large water body wh(*re the fin«»r sediment 
could Im» deposited. 



34: The Aiuerlcan Geologist. January, isiw 

M(nfuf Ihsrrt Inhnid. 

I am very much indebted to professor Shaler for his kindness 
in accompanying me to Blount Desert and in introducing me to 
the interesting geology of that island. During our two days' ex- 
cursion I had several opportunities to observe that, as professor 
Shaler's map shows, the glacial, probably marine sediment, and 
the gravel and sand as w^ell as the clay, were to lie seen only on 
the lower [larts of the island, probably up to about 200 fe<»t. 

The first point where 1 saw anything like the marine limit was 
two miles northeast of Somes sound, just east of the trivuim. on 
the western slope of McFarlands mountain. Up to an apparently 
horizontal line the soil was covere<l with n»siduary boulders, but 
just al)Ove it unm<Klified till w^as exposed at the side of the road. 
The approximate hight of the shore-line was according to the an- 
eroid c* 204 feet (02 m.), and according to angles measurt».d to 
the surrounding mountains c. 216 ft. (66 m. ) + 12 feet. 

East of Somes sound, in the pass between Brown's and Sar- 
gent's mountains, at the hight of lH»t\vtH»n 380 and 200 feet no 
traces of marine action upon the till were seen, though the south- 
ern slope must have faced the open Atlantic, if this ever reached 
so far; but as soon as we came down to the 200 foot contour line, 
well washed and assorted material occurred abun<lautly as a 
gravel -bar east of Haddock's lower p<md. I had not time to fix 
the actual limit at this locality, but the approximate* hight of the 
bar was according to the aneroid c. 190 feet (58 m.). 

The curious rock benches seen at many places on the slopes of 
the granite mountains seem to be very closely conuect<»d with the 
occurivnce of vertical and horizontal joint lines in the nK»k; we 
visited several of these on Jordan's hill, Sargent's mountain and 
<'the cleft. '' Level benches are often formed V>v weathering where 
rocks are horizontally jointed, so that this important characteris- 
tic of marine action in other cases is in itself of no value here, 
unless other common shore features, as beaches with water worn 
pebbles and ordinary cut and built terraces of drift, together with 
marine sediment, can be shown to exist. Furthermore in several 
places the joints and the benches w^ere inclined from r)° to 20°, 
and nowhere exhibited the characteristic and very regular appear- 
ance of the rock cut marine terraces in Norway and Spitzbergen. 

On the open southern surface of Sargent's mountain we o\y- 

* Abbreviation of cirrn (about), noting an approximate measurement. 
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served numerous small patches of till, often with well 8triatt*d 
stones; and numerous stones and much isolated debris occurred 
scattered over the surface in such a wa}' that they must have been 
swept away very quickly by the waves from the Atlantic if they 
were ever submerged. 

The remarkable overturned boulder which professor Shaler de- 
scribes on the southern summit of Jordan's hill at an elevation 
of more than 300 feet does not seem in itself a sufficient proof of 
ice-shove from the sea and thus of submergence up to this level, 
as we cannot safely den}' the possibility that it might have been 
overturned by the roots of a tree in a violent storm or even b}^ 
the agency of man. 

At the road (m the southeast side of 'Hhe cleft," it looks as if 
the rocks had been swept bare by the sea up to about 200 f«»et, 
but we could not stop to ascertain with the handlevel whether this 
liad been the case. 

I 8ta3'ed for a few daj's more to make further attempts in de- 
termining the marine limit. 

Alx>ut one and a lialf miles south of Bar Harbor, at the south- 
em end of the 280 foot hill, 1 found a cut terrace, above which I 
oould And nothing but angular stones, while on a level a few feet 
lower waterworn gravel and pebbles were plentiful, as on the top 
of the roadhill. Here, as in othei; places on the island at a some- 
what lower level, the gravel overlapped the clay, having been 
brought into this position as shore drift during the successive 
upheavals of the land. The hight of the marine limit at this 
point as far as it could })e ascertained was about 209 f(»et (c. 
64 m.). 

About one mile southwest of Bar Harbor and one mile K. N. K.* 
of the northern end of Kagle lake, just alK)ve the covering of 
marine sediment, I found a little series of well developed beaches, 
of which the upi)ermost and largest, marked b^' a gravel pit, was 
situated according to the barometer at a hight of al>out 210 feet 
(c. (i4 m. ). 

Finally I returned to the above mentiont^d point N. K. of Somes 
sound, where I iii*st ol)served the marine limit, and made a more 
careful inv(»stigation. T followed the shore- line with a hand- 
level for nearlv half a mile north of the road, findin<j the follow- 
ing differences, the absolute hight being measured with a barom- 
eter : 
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in) Farthest to the nortli of the road l»U) feet (B3.5 iii.). 

(//) Midway between ((0 and ('/) 211 '* (64.1 " ). 

(r) Nearer the road 213 " («4.4 *' ). 

(f/) Just north of road 218 *' (^54.5 " )• 

(<) South of road 209 ** ((53.4 " ). 

Fine unwashed till occurs in ojien situation iinmediatclv above 
this shorc-lim^ as w-ell as north of the road. 

As to places in other tracts where T have made determinations of 
the marine limit, 1 must for the present confine myself to a mere 
statement of the bights obtained, but I hope that 1 shall be able 
to add a more complete description of the different localities. 

Pktermi.vatioxs of TiiK Latk CxLAriAL Marin'k Limit. 

With Wifft rrohfihlf 

Lo('anfie'< hamHtrel. hantut*-ff-r. hitjht. 

F«'K. M»'t»'r?.. Ki»«'t. M«'torK. Fet*!. Mi'tern. 

1. Perth And>ov. N. .1. ^ — ^ ^ 

2. New Haven," Conn. <17 <5.2 — — e. 10? c. 3? 

3. MarthaV Vineyard, ^Ux^^. — ^ _ _ 

4. Boston. Mass. — — c.10-20 c. 3-6 

5. Mount Desert island. Elaine. \ 

in) N. K. of Somes Sound. — — 204 62 | 

(rO " " " " — —208 64;c.210 c. 64 

6. (/>) S. W. of Bar Harbor. — — 210 ($4 

7. {(') S. of Bar Harbor. — — 209 64 J 

8. Stockton, Mnine. — —274 84 c. 280 c. 86 

9. Bucksport, Maine, at Fort Knox. 305 93.0 298 91 305 93 

10. St. John, N. B. in) western point. — — 267 82 / .^..q «.> 

11. " ** " (6) eastern *' — —271 83 \ ^- ^"^^ ^'^'' 

12. Digbv, N. S. > 35> 10.7 — — c. 40 c. 12 

13. Annapolis, N.S. 42 12.7 46 14 42 12.7 

14. AVolfville, N. S. <49 <15 — — c, 50? e. 15? 

15. Moneton, N. B. (Berrv Mill 

Station, I. U., being 208 ft.) — — 325? 99? c. 325? c. 99? 

16. Bathurst, N. B. — — 196- m c. 196 c. 60 

17. Dalhousie, N. B. 175 53.4 175 54 175 53.4 

18. Halhousie Junction. N. B. — —174 53 c. 174 c. DcT 

19. Kivi^^e du Loup, Quebec (the 

Station I. K., 322.5 ft.) 373 113.9 — — 373 113.9 

20. ^Fontreal, (Quebec (a leveled 

point being HVy ft.) — — (525 190 c. 625 c. 190 

21. St. Albans, Vt. (the station 

being 390 ft.) (i58 200.5 (V)6 2(K) 658 200.5 

22. Alburgh, N. Y. (Moira station, 

C. V. IL, being *57 ft.) — — 662 202 c. 662 c. 202 

23. Ottawa, near Kingsniere lake, 

Quebec (Hull st'n (MMM85 ft.) — —705 215 c. 705 c. 215 

Unless the contrarv is stated all the above bights n^fer to 
high- water mark, and the uplifted shore-lines were probably 
formed at least at or rather above ordinary highwater. As the 
high tide might have been somewhat lower in the Bay of Fundy 
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i\'hen the submorgenoe formed a narrow strait across the Chtg- 
Tiecto isthmus the figures for the localities at J^t. John and in 
Nova Scotia are perhaps some T) feet too high. If, as is prob- 
able, the levelings based upon railway altitudes refer to mean 
tide, they also must l)e lowered about 5 feet. 

The levelinffs were all nuule with Swedish handlevels eon- 
structed bv Wrede and Klfvinjr, which contain a mirror held ver- 
tieally by an a<ljustable weight and sheltered from tlie wind l)y a 
little wooden case. Bv aid f)f a scale anjrles can also be meas- 
ured, and 1 have often made ofood use of them as a check and 
also for plane table work. 

The barometrical measurements were made with two aneroids 
from Xaudet in Paris, and each is based upon a series of 10 to 
25 ob.servations by means of which the changes in pressure dur- 
ing the day are graphically constructed, an<l from the differences 
thus obtained the hight is reckoned with due corrections for tem- 
perature. Though I have often in this wa}* got remarkably g<>od 
results, it is verv desirable that thesi* measurements should ])e 
checked by the spirit level, as figures should not be ccinsidered 
conclusive which have not an accuracv within three feet or about 
one meter. 

CONTH.'SIONS. 

All the observations on the hight of the marine limit have 
been put down on a general maj),* and with the aid of interpola- 
tion isobases have been drawn through ecpially uplifted points 
with an interval of 200 feet (GO m.). 

Concerning the exttMision of the isoba?-:es into the interior of 
the continent, where the marine limit could not be directlv de- 
termined, 1 hnve tried to use interpolation in the following man- 
ner. As has been stated, it is probable that the geoid -surface, 
which in the submerged regions is marked by the marine limit, 
is situated in the tract northeast of lake Ontario at a hight some- 
what less than 75 per cent, of the older high-water level recorded 
bj* the IrcMpiois l>each. From the figures given by professor 
Spencert we find that this beach is situated at about :5(» per cent, 
•of the Ridirewav beach at the three localities where both occur 



•Presented with tliii< pa])er in the Proceedings of the Boston Soci- 
ety of Nnturnl History, but not here reproduced. 

t" High level shores in tiie region of the (ireat Lukes and their de- 
Ifornintion," Am. .lour. Sci., March, 1S91. 



38 The American Geologist. Jammry, i«w 

near each other. Consequently the geoid of the marine limit 
should he found at 27'/; <>^ the latter beach, if the deformation 
of both had Ijeen proportionate. 

To see to wliat degree this has been the case for the different 
beaches, I have also reckoned in percentages the pn)portion be- 
tween the Forest, Ridgeway, and 3Iaumee beaches and from the 
figures thus obtained as far as we can judge from the material at 
present available the differential uplift of the highest or the 
Maumee beach was somewhat greater than that of the Ridgeway 
iHiach, the same Innng the case with the Ridgeway beach in com- 
parison with the Forest beach, but the lowest one, or the Iro- 
quois Ijesich, seems to have a proportionately' steeper slope than 
the Forest beach and to be in this respect more pro)x>rtionate to 
the Ridgeway beach. 

As this has been expk)red for the greatest distance and seems 
to be the easiest of identification, I have thought it advisable to 
us4» it for this preliminary interpolation, without attempting to 
make any correction for the divergence from the proportion of 
27% which may occur in the southern part of the region. 

Thus of the figures on the map indicating the interpolated 
hight of the marine limit, all those along the Imquois beach re- 
present 759^ of its hight, and those along the Ridgeway beach 
27% of its hight.* 

Concerning the we^sternmost part of the glaciated area we owe 
accurate information alK)ut the gradient of the warped beaches to 
Mr. Warren Upham's excellent inv(»stigation of lake Agassiz. 
However, imtil the deserted beaches around lake Michigan and 
lake Superior are more fully explore<l and the damming ice-bor- 
der is continuously tract^l between the different basins, it is diffi- 
cult to form any opinion about the absolute amount of the up- 
heaval of the land since the formation of the marine limit. 

In the meantime we must content ourselves with the follow- 
ing facts. As Prof. J. E. Todd and Mr. IJpham have stated, 
the des(»rted shores of lake Dakota, situated close to the south- 
west of lake Agasj^iz, shownoor only a slight unequal deformation. 

*T]iis method of hiterpohition can <»f course be accurate only when 
the elinnge of level iins been successive and regular, as may perhaps 
to some extent have been the case with the sea, but j)robably much 
less with rhe icc-damined lakes. Still the ])resent state of our knowl- 
edge does not seem to allow any more satisfactory method, and this 
may be sutJicient lor the present purpose. 
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As the longer axis of this lake trtMids in nearly the same direction as 
the gn^atest warping of lake Agassiz, it seems probable that the 
limit for this warping and at the same time for the npheaved area 
lies just between lake Agassiz and lake Dakota or through lake 
Traverse. It is by no means certain that the limit for the up- 
lifted region or the isobase for zero remained at the same place 
when the marine limit in the St. Lawrence vallev was formed : 
but we ma}' assume it for this part of the continent, since we 
cannot, at pres<»nt, expect to get more than a general idea of the 
dii*ection of the isobases and their maximum gradient. To judge 
from the probable thickness and direction of the receding ice- 
border, it appears that the formation of the highest or Herman 
beach of lake Agassiz was probably antecedent to the geoid sur- 
face which is traced in this paper. >[oreover, it is quite possi- 
ble that the ice had not receded from the 8t. Lawrence valley 
before lake Agassiz received the northwai*d outflow. Yet to be 
([uit(» sure of maximum figures for the gradient, 1 have used the 
measurements of the highest or Herman beach, though they may 
be too high. 

As to the probable positi(m of the marine limit in the other 
northern portions of the area very little can be added. Some ex- 
plorers, believing that every kind of drift is deposited in the sea, 
have not paid due attention to the determination of the limit for 
the real marine deposits; others seem to have estimated only the 
hight of b3ach?s acoidentally discovered and their most reliable 
observations are made with a barometer often at a long distance 
from anv known level or base- barometer. 

From Murray's paper on the glaciation of Newfoundland * it 
seems that marines deposits are found on that island at a hight of 
alK>ut 200 feet. According to R. Bellt distinct beaches are seen 
at Xachvak in Labrador at an (^-^timated hight of 1,500 feet; but 
I have not found more precise* measurements for these tracts. 
Even if this measurement should b;* over-estimated, these beaches 
may be amcmg the highest in all the uplifted area. But the 
low levels at which marine deposits ar«' found in the relatively 
well-explored southern and western parts of (rreenland, make it 
improbable that the extraordinary high levels, reportetl as oceur- 

*I*roc. and Trans., Koy. Sao. Can., 1SS.S, i. pp. .V)-7tJ. 

fUept. (tpoI. Surv. Can., ISSo, p. 8 1)1); and Bull, (i.'ul. Society of 
America, 1889, vol. i, p. 308. 
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ing along Smith sound, should beh)ng to the samo system of up- 
heaval as that of the Canadian region. 

East of the middle of Hudson bav between the coast and 
CU^arwater lake. A. P. Low has found sediments and terraces 
probably of marine origin up to about 075 feet above sea level.* 

Soutliwest of James bay, on the Kenogami river, a tributary 
of the Albany, Bell t has found marine* fossils about 4r)() feet, 
and west of Hudson»bay at Churchill river about 3r)0 feet above 
the sea level. 

As is easilv seen from the alK)ve statements, the observations 
at present available do not allow the drawing of even approxi- 
mate isobases over a large portion of the area; but from the part 
sutticiently stuxlied, it seems possible to form a general idea con- 
cerning tlie nature of the changes of level; these point to a re- 
markable analogv to the conditions in Scandinavia. Thus the 
greatest subsidence has tak(»n place in Labrador — probably near 
the watershed — where the ice accumulation had its center. But 
as the ice in the northern part of this land, according to Bell, 
had a northward movement, it will probably be found that the 
amount of subsidence also decreases to that side, about as it did 
in all other directions in which the ice-covering thinned out. 
. The conformitv between ice-load and subsidence seems to have 
been still gn^ater here than in Scandinavia, and in this respect it 
will be very interesting to see what will result from a continued 
investigati(m of the warped beaches in the lake basin with its 
marked ice lob(»s. It can alreadv be seen that the isobases in the 
peninsula southeast of the St. Lawrence river, which we will 
here for brevity's sake call the Atlantic peninsula, follow very 
closel}" the extension of the last glaciation. Especially is it note- 
worthy that the amount of subsidence was small along the gulf 
of St. Lawrence in connection with the fact, stated by Chalmers, 
that the ice thinned out in that direction. 

Nova Scotia, which probably only in its western portion and to 
a small amount participated in the subsidence of the mainland, 
seems not to have been wholly ice-covered during the last glacia- 
tion, and the local glaciers might not have been thick enough to 
produce any noticeable changes of level. 

***|{ep. on expl. in Jams»s Hay and country east of Hudson Hay," 
Ireol. and Nat. liist. Surv. Can.. Ann. rept., 18S7, vol. iii., p. 59 J. 

f(te(>l. and Nat. llist. Surv. Can.. Ann. rept.. 188(i, vol. ii., pp. 34, 

:}8(i. 
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Tlu' jrnulient of tho deformed jreoid surfjico was evidently 
steepest on the Atlantic side of the continent, wliere the slope of 
the iee-sheet must also have been greatest ; it is here jjenerally 
1: 1,400, with the exception of the St. Lawrence valley, where 
its direction is oblicjue to its general trend against the Atlantic 
and its amount is not larger than about 1: 4,000. 

The steep gradient will probably be found also at the coast of 
Labrador, which in many respects is analogous with the high, 
fjord-cut coast of Norway in Scandinavia. In the interior of the 
American continent, where the ice spread out over a large area, 
the isobases are far more distant and show a smaller gradient just 
as in Scandinavia. Thus the mean gradient from Georgian bay 
towards the southwest to the limit of the area seems about 1 : 
' n,400, being much steeper at the lM)rder of the azoic region and 
smaller at the outside. 

The connection between the subsidence and the geological 
structure of the earth's crust is perhaps not (piite so striking as 
in Scandinavia. Still it seems probable that the Canadian azoic 
or Arclneau region has changed its level more than the surround- 
ing tracts, though this is not yet sulliciently i)roved in regard to 
liud.son bay. The general conformity between the ice-covering 
and the old azoic plateau makes it ditficult in the present state of 
our knowledge in many cases to <liscern between the influence of 
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these two circumstances. Thus it mav be remarked that the 

ft 

al)ove mentioned convexity of the isobases anmnd the Atlantic 

ft 

peninsula may also have some connection with the Atlantic moun- 
tain ranges, and that the most uplifted paft lies near the Adimn- 
dacks, consetpiently at (pute a distance west of the ice-shed at 
Quebec. The fact that Newfoundlaml. which at least during the 
last extension of the glaciers may have been only locally ghiciated, 
also shared in the submergence may in some d(»gree be accountiMl 
for by its geological structure. 

All the aliove statements concerning the late glacial upheaval 
are based upon the hight to which the marine deposits are up- 
lifted, but as we generally cannot tell whether this rising of the 
land has been continuous or partly counteracted by subsidence, 
it would be more correct to speak of it as the final result of the 
chang<»s of level since the maximum of the late glacial submer- 
gence. 

Ahing certain parts of the Atlantic coast many facts were ob- 
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Herved long since which show that tliese tracts in very modern 
times have l)een and perhaps still are sinking, and it is of interest 
that these signs of subsidence are found along the Atlantic coast 
plain outside of the glacial region of uplifting as well as some- 
what within its lK)undary, just as has been the case in Scandi- 
mxvia. Thiis submarine peat-bogs are known in New Jersey and 
Nantucket island as well as at the northeastern end of the bay of 
Fundy and at the mouth of ba}' Chaleur. These last localities 
show that if the rising of land is still going on in the interior, 
the isobase for zero, or, to use Shaler's expression, the pivot 
point lx»tween the continental upheaval and the oceanic subsid- 
ence, has moved at least more than fifty miles toward the land 
side. The amount of this subsidence is not yet known, but at 
the bay of Fundy it must have Ijeen at least 40 feet, and at Nan- 
tucket probably 10 feet. Even the numerous small partly sub- 
merged glacial river valleys at the southern shor(»s of Cape Cod, 
Nantucket, Martha's Vineyard and liong Island, atford evidence 
of a slight submergence. The same is the case, as Merrill has 
pointe<1 out, with the Hudson river estuary, which must have 
subsided somewhat since the channel was cut out of the glacial 
clavs in the vallev. 

Another (|uestion is whether the deep submarine river valley 
southeast of New York harbor, so well described by professor 
Dana, l>elongs to so late a perio<l. The fact that its uppt»r end 
down to a depth of alxMit 100 feet has been entirely filled up at 
the outside of Sandv H<K)k seems to indicate that the Hudson 
river leveled the adjacent part of the pre-existing channel during 
the maximum of the postglacial eK»vation, having its mouth here 
and not farther out to the sea for a considerable time. The other 
analogous submarine channel described bv Dana from the north 
side of Long Island may perhaps atford a possibility of deter- 
mining their age. Having crossed Long Island sound in an 
obli<iue direction, it becomes during the last 10 miles more and 
more shallow, ending abruptly at Long Island Jigainst the 
terminal moraine. Here it may be possible to ascertain with a 
few borings, whether the channel, as it appears, has been over- 
ridden by the moraines of the last glaciation, and perhaps also 
whether it is younger than those of the first glaciation. 

Though the abrupt ending of this last channel is very likely 
due to the terminal moraine, which, to judge from Danas obser- 
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vations, has not quite filled it up, yet there appears to be no con- 
tinuation of it on the other side of Long Island, even beyond the 
glacial delbis. 

This curious fjord-like shoaling of the submarine channel, be- 
fore it reaches the edge of the continental plateau, is repeated by 
the submerged river channels described by A. Lindenkohl from 
the Delaware and Chesapeake l)ays. 

This phenomenon might perhaps be explained according to T. 
F. JamiesDn's suggestion for ceitain f jonls, iis a con8e([uence of 
the unequal and intense subsidence of an ice-loaded continent. 

But concerning these channels, as well as the one descrilHHl by 
Chalmers in the St. John river estuary and the large channels 
reported by Spencer from the gulf of St. Lawrence and several 
' other places, we must allow that at present we know very little 
indeed of their history and precise age. with perhaps the general 
exception that they may point to a high elevation in early glacial 
time. 

In this connection it is of interest that in America as well as 
in Europe the interglacial marine deposits at present accessible 
al)Ove the sea level are found only near the margin and at the 
outside of the region, which, during the last glaaiation, has l>een 
exposed to subsidence. I refer here to the interesting fossilifer- 
ous deposits described by Shaler, Tpham and others, from Nan- 
tucket, Martha's Vineyard, Long Island and Boston. The ques- 
tion whether the Columbia formation belongs to the same sul)- 
8i<lence ciinnot safely be discussed, before its marine origin is 
conclusively shown by fossils, boundary shore-lines, or other in- 
disputable evidence. The same is true of the lower l.)eds of sand 
and clay about 5i) feet thick which Lyell in the re[>ort of his first 
voyage ti) North America describes from Beauport near Quebec. 
The clay with lH)ulders, which he observed resting upon these 
ImkIs and covered by fossiliferous, late glacial deposits, is, as I 
could myself ascertain, a true till, probably belonging to the last 
glaciution. 

Though the situation of these possibly interglacial deposits is 
open to the St. Lawrence estuary, their marine origin is very 
qiiestionable, since no fossils have been found. 

But if it is ditticult to get any idea of the interglacial geoid 
deformations from the marine deposits, it is still more so with 
respect to the scant}' remnants of lake sediments. As compared 
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with those thi; buried river channels seem to be easier to trace, 
thoucjli, of course, atfording less accurate information. 

In this connection and as [)ossibly pertaining to tlie general 
interghicial hydrography of the (ireat Lake basin. I may perhaps 
mention the common occurrence of waterworn pebbk»s in the 
drumlins west of Syracuse, as these univ very likely lie derived 
from buried shore-lines belonging to the same interglacial lake as 
the interesting deposits east of Toronto. 

Finallj'T will emphasize, that the purpose of this paper is much 
less to give an ultimate solution of the ditTerent complex problems 
connected with the eontineutal changes of level, than to show a 
way by which, I think, such a solution can be reached with as 
little loss of time as possible. 

From the details already determined in Xorth America as well 
as in Europe, it is evident that the changes of level are closely 
connected with the local structure of the earth's crust and with 
the h>cal extension of the glaciations ; and thus it is conclusively 
shown that no changes whatever in the level of the sea can 
account for the phemmieuon. 

Notwithstanding all doubts as to the possibility of vertical up- 
lifts of the great continental portions of the earth's crust, we may 
already be fully justified to use about this with a new meaning the 
well known words of (lalilei: *' Yet it does move." 



EDITORIAL C0:MME]S^T. 



TiiK r.viT OF Gkolookwl Mappinci for State Sirvkys. 

Referring to the communication of Prof. ^Vinslowon the '*Hig- 
ginsville sheet of the Missouri Survey, ' in response to a review of 
the same sheet in the November number of the (jKolo<hst (p. .^$17), 
inasmuch as Prof. Winslow intends that his statement of princi- 
ples shall be considered fundamentally applicable to '-a general 
system of mapping of a state or nation," and thus to cover the 
subject, from his point of view, it seems proper that attention be 
directed to some considerations which are pertinent but whicii he 
seems to have forgotten or to have misapprehended — at least to 
have misapplied. 

In. the first place, although it might perhaps be inferred from 
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the ''review" that oiir answer to Prof. Wiuslow's second qnestion 
might be as he states it: ••Tiie size of the sheet shall be nnifonn, 
but shall not exceed a liii'ge (inarto page in dimensions; that is. 
the maximnm size shall be abont 0x12 inches, " that is not the 
answer which we shonld give to that question. We only wished 
to enforce the necessity' of keeping the size of the sheets within 
the quarto size of tiie ])Ook. It is apparent to anyone that such 
sheets might be made to fold in the middle and upon insertion in 
the volume, on short "stubs/' they might occupy two pages of the. 
quarto size. Indeed, should it be necessar\', the fashion which 
has been followed a Iread}' many times by the annual reports of the 
United States (reoloj'ical Survev could be resorted to, viz. : fold the 
sheet three times, once at the stub, in the center of the book, and 
once at the outer margin of each page. This would allow of a 
map nearly four times that of a single quarto page, and yet be 
within the (juarto page sufficiently to meet the re(iuirements of 
the '^review. " As much of Prof. Winslows argumentati<ni is 
based on the a.ssumed inflexibility of the size of the map desired, 
it is apparent that it falls to the ground when its basis is removed. 
The other answ(»rs to the three (questions propounded by Prof. 
Winslow we do not take any exceptions to. We would add, 
however, to the third answer, a proviso, viz. : that the maps should 
also l»e published, on the completion of the survey, in ntltts fonn,^ 
accompanied by ver}' short descriptive text, thus forming a geo- 
logical atlas of the state, with accompanying commentary, uni- 
form- in size and style, with the regular volumes. This is all de- 
rived from the hoo/*- side of the question. 

In applying his arguments, however, Pmf. Winslow overlooks 
an imiK)rtant minor consideration when he views the question 
from tlie nrcti side. As the counties of a state vaiy often ver}' 
greatly in size, so the scales of the separate maps must vary, and 
some of them would be so large as to l>e ludicrous and some so 
small as to be useless. Remembering that this argument is based 
on an assumed rigidity in the rule, which does not exist, it might 
also be remarked that, actually, the size of the inliabited counties 
in the various states, particularl}' of those that remain to be 
mapped, is pretty nearly uniform. The necessities of travel to 
and from the county seats, in the most of the states of the Union, 
and the n^iuirements of county -'home rule," regulate the size of 
the counties in all the * 'organized" areas of the Unicm. It is, of 
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course, for such eases that any scheme should he made applicable. 
If there he exceptions or iri-eojqlarities, as in the case of **unor- 
ganized*' counties, which are apt to be temporarily large, like the 
enormousl}' large counties of northern Minnesota, there are va- 
rious ways in which those maps can still be brought within the 
requirements of the ^'rt^view. " 

1. They might be reduced to the minimum scale, particularly 
if their geology is unimportant, " or largely unknown, like some 
of the drift covered counties of western Nebraska or northwestern 
Minnesota. 

2. In extreme cases when imiH>rtant geology in an '^unorgan- 
ize<i" county must be delineated, or in an organized county too 
large for handling in (juarto style as expressed above, it would 
}»e best to divide such area into two or more maps, numbered con- 
secutively and so plac(»d in the volume as to !»e of convenient r(»f- 

erence. 

:>. Tn the case of very small counties, it is invariably the case 

that such are thickly inhabited, and then the greater usefulness 
and [K)pularity of the maps would justify a larger scale than for 
the others. For instance. Ramse}* county, tlie smallest in Minne- 
sota,* embraces St. Paul, the capital of the state. There appears 
to be no unduly large scale in tlie plate map which shows its geol- 
ogy in the reiK)rt of the Minnesota survey. (Final report, Vol. 
IT. plate 43. ) 

- 4. If there be, in any state, several such coulities, and it is 
t^iought best not to expand them over a quarto page in giving 
their geology, it would be a simple problem to so reduce them 
that two could Ijc expressed on a single page, or at least on a 
folded shec^t. 

The devices that may bo resorted to to embrace all the mapped 
areas within the sizes riKiuired by the * -review" are numerous, 
and every geologist must employ them acconiing to his particular 
conditions. It is not difficult to bring objections against any sys- 
tem of mapping, but it has appeared to us that those state maps 
that have adopUMl the county as the unit have avoided a larger 
number of complaints than the others. 

We would add in conclusion, that we (luestion the propriety, 

*Pr()f. AVinslow gives the extrenie.s of county areas in Minnesota as 
162 square miles and 5,860 scjuare miles. They are actually 187.15 
square miles (Ramsey) and 6,611.75 square miles (St. Louis). Final 
report. Vol. i, p. 114. 
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or perhaps the possibility, of emlmicing in one scheme of map- 
ping, all the essentials which may be demanded in any ^'general 
system of mapping a state or nation.'' Maps are mad(> for vari- 
ous uses, and under various auspices. The United States govern- 
ment would be justified in looking at this question from a different 
point of view from that of a state government, and might wen 
choose a larger or smaller unit, or might ignore county and state 
boundaries. . 



TiiK Topographical Work of the National Gkolooical 

SlRVEV. 

The article of Mr. Gannett, in response to our editorial in the 
November Gkolooist criticising the course of the United States 
Geological survey in entering upon and prosecuting the topo- 
graphical work on which it has l)een engaged for ten years at the 
average rate of 1215,000 per year, is intended, ostensibly, as an 
answer to our objections, but it falls short of its purpose. Our 
objections are stated near the close of the ** editorial " categori- 
<;ally, and we respectfully refer Mr. Gannett to them, if he de- 
sires to try again. 

Instead of answering our objections directly and fully, Mr. 
<7annett's letter attributes to us some exaggerated and imaginary 
statements and opinions, which he proceeds to demolish with evi- 
dent relish and success. To make this apparent we desire to 
bring to the light some of these **men of straw" which are so 
valiantly overthrown, and afterwards to correct some of the as- 
sumptions and historical references which he makes. 

1 . Mr. Gannett avers that we objected to the extension of t4ie 
field work of the Geological Survey over the entire United States. 
We did not mean to say that, and we do not think we did. 

2. Mr. Gannett attributi^s to us a ** misconception ' of tli« 
significance of the term " national domain ' used in the original 
law of the survey, and states that to avoid ' * such misconc^»p- 
tions" the efforts were made which finally resulted successfully 
in substituting Ignited States for ^'national domain." We did 
not intend to express any opinion on the significanct* of the origi- 
nal term, and we do not think we did, 

8. Mr. (xannett states that our editorial advocates the maklnir 
of the geological map of the United Stateu* "without a topograph- 
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ical base." It seems to us that Mr. (janiiott will search in vain 
for any such views in our editorial. We saitl (p.:>lU): '"The 
Geological survev should follow the mensuration survev — so far 
jis its mapping is concerned. ■" We admit that we remarked that 
many romrt geoloj^ical maps have been constructed without i>re- 
vious topographical mapping. That was to show that the simple 
geological maps contemplated by the organic law of the survey, 
for the illustration of the '^mineral resources and the classification 
of the lands'' could be constructed correctly without elaborate 
topographical surve3'ing. 

4. The letter of >lr. Gannett aims to impair our argumenta- 
tion on this subject and our good sense, which might otherwise 
be bi-ouglit to bear on it, b}' assuming that we are not *• practical 
geologists," and that therefore we are pardonable in not knowing 
what practical geologists need in th(» construction of geological 
maps. That is a *'man of straw'' which is so frail that it can 
liardlv stand alone. The writer of that e<litorial has seen many 
years of practical geological work, and has constructed numerous 
geological maps, and he ^ugiit to be as competent to speak on 
the needs of geological mapping as any topographer, however 
expert in geodetic measurements. 

5. Again, here is Mr. Gannelt's statement: '-The writer for- 
tifies his statement b}' the assertion that up to the time the United 
States Geological Survey commenced systematic topographic sur- 
veys (1882) no geological survey had found it necessar}' to do 
topographic work." Now look on this, which is our actual state- 
ment: *• We know of no precedent for it: but so far as ex- 
ample goes its inttueuce would be opposed to it. The topograph- 
ical mapping <ione by the early territorial surveys was discon- 
tinued by act of Congress, and no state survey had at that time 
enUn*ed n\y(n\ topogniphical mapping under a law ordering simply 
a geological survey. ' The difference is so broad that any toi)og- 
rapher t)Ught to be able to discover it. 

(). " His argument is that the higher the price the better the 
quality." We made no such argument, but it is a good principle 
that, rj'trri.sparllni», the price is a good gauge for measuring the 
quality. 

7. Mr. Gannett imputes to us *'an attack " upon what is 
<< presumably a useful work,"' implying thereby that we are op- 
posed to the continuance? of the topographical survey. We in- 



tended to express no opposition to the prosecution of topograph- 
ical mapping, and we do not think we did. On the contrar}'^ we 
argued that a better topographical survey should be conducted, 
and that it should be carried on by the Coast and Greodetic Sur- 
vey. 

Now we wish, ,srcv>«<////, to show that perhaps Mr. Gannetts ac- 
quaintance with some of the relations of his own work to the 
Coast and Geodetic Survey and to some historical facts of Con- 
gressional investigation, is *' lamentably at fault. ' 

1. Mr. Gannett states that the change in the appropriation 
bill from ** national domain" to United /Sttitcs^ was made to re- 
lieve the law of ambiguit}*, and that the law was interpreted by 
Mr. King, at the outset, as including the whole area of the coun- 
try. Whatever may have been Mr. King's view of the law it is 
plain that it was not shared by his successor and that he (Powell) 
did not feel authorized to engage in surveying in the eastern por- 
tion of the country until the change was effected. The same 
view was held by Prof. J. 1), Dana* and by the entire corps of the 
Coast and Geodetic Surve3^ t 

The movement to transfer the activities of the Geological Sur- 
vey to the eastern stiites, by making this simple change in the 
law, was antagonized by the officers of the Coast and Geodetic 
Survey, and by others, and was defeated on several occasions, 
and Maj. Powell says that the survey was not transferred till so 
authorized (in 1S82), but that the meaning of ••national domain ' 
was understood to bo pnhllr doimiin. (p. 15.) The existence of 
the law with the original phraseology effected a complete* estop- 
pel from work in the eastern, or older, portion of the United 
States. This is not only admitted by Maj. Powell, but, as al- 
ready stated, was so understood by both parties to the controversy. 
There was therefore no ambiguity as to the effect of the term, 
whatever there may have been as to its significance. There was 
evidently no doubt about the intent of the original law, and there 
is as little doubt, in the minds of those who were affected by the 
change, that the intent of the change was not so much to remove 
ambiguity as to enlarge the scope of the survey. 

2. The change was made '< after full discussion in Congress." 
If this statement had been, after n dlncuHnum in thr connuitfrf of 

* American Journal of Science, (3), xviii, p. 402, 1S79. 
t Testimony before the joint commission, etc.. p. 1(>7. Testiniony «>f 
Maj. Powell. 
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the HoHsi,, it might have been nearer the truth. Stmator Hale 
testified that he was familiar with the deV)ates, and *' certainly it 
did not occur to members of the Senate, it did not so carry the 
idea, that this was to take upon itself the province of a survey of 
the old states. Now, in framing that language why did you not 
put it in fairly, and in terms?'* (p. 18.) That does not indicate 
*'a full discussion in Congress. *' 

3. Was there any authorized agent for doing topographical 
work prior to the date when the (geological Survey entered upon 
it? And was such work actually being carried on? And was it 
being done systematically? Was there any co-operation by such 
authorized agent with the various States in the prosecution of 
such survey? To all these questions Mr. Gannett answers, No. 
But we undertake to say that the Coaat and Gvodrtic Snrcvy irax 
irorking^ at that I'crij tinic^ niuh'r a far-reach iny schftiif trhirh /mm/ 
been ill operation for sever al years, tinder anthoriti/ of lair^ on. a 
(/eneraf HKfJ) of the Unifeti States of a character nearfi/ identical 
n'ith that now Iteintj erecnted Ity the United States Getdoiftcal Sur- 
rey. 

It is only necessary to re;id attentively the testimony given be- 
fore the '^Joiut Comission to consider the organization of various 
scientific bureaus, " 1884-1886, to become convinced of the adroit, 
masked interference, which the Geological Survey etfected, 
through the sagacious testimony and opinions of its director, upon 
the organization and functions of the Coast and Geodetic Sur- 
vey. Tn order to make this evident, a few quoUitions are made 
from the testimonv. 

Page 1«)7. Maj. Powell distinctly states that the Coast and Geo- 
detic Survey at first (1870-82) antagonized the proposition to trans- 
fer the Geological Survey to the eastern states — plainly because it 
considered itself as already performing, or in a way to perform, 
under existing law, the topographical work of that section so far 
as wanted. It was after the proposal to make this transfer that 
the rumors of duplication and interferences arose. 

P. *4. The report of the committee of the National Academy 
of Science states: 

It appwirs therefore that two distinct and independent trigonomet- 
ric surveys of the United States, under two departments of the 
Gt^vernment, are now in process of execution. 

P. 20. Maj. Powell states: 
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"The ('oast Survey was aufehorized to do certain work for State?!. An 
appropriation was made for that purpose." 

It is well knowa that Congress authorized the Coast and Geodetic 
Survey, and made special appropriations for the purpose, to aid 
such States as had inaugurated either geological or topographical 
surveys. Up to 1 882 the following States had been aided in this 
way, viz. : Ohio, Indiana, Wisconsin, New Hampshire, Pennsyl- 
vania, Missouri, Kentucky, New Jersey, Connecticut, South 
Carolina, North Carolina, Tennessee, New York and Vermont, 
and more or less progress had been made in all of these States, 
Since then the number has been increased. 
Prof. Hilgard sa^'s, p. 182: 

"Under the provisions of the last clause aiding States having topo^ 
graphical or geological surveys, eleven States have inaugurated sur- 
veys which are now in active prosecution under direction of the (-oast 
and (teodetic Survey." 

The specific work doin> was the furnishing of a wries of trig- 
onometric points connected with the grand sytsem .or ^ ^gridiron" 
of triangulation extended over the country, by which accurate* 
toiK)graphical and all cadastral maps could be constructed, as fast 
as wanted. In some instances the Coast Survey had made' pre- 
liminary topographical maps (p. 41) like those of the United' 
Statues Geological Survej', but the officers did not consider them 
final. Such maps were made in North Carolina, and they were 
used as a basis for the geological map of that state pub- 
lished by Prof. Kerr. Such were made in the region between Wash- 
ington and South .Mountain, (p. 42), and ^Mn the interior", I. o.. 
in Maryland and Virginia, where twenty-two finished sheets had 
l>cen executed. Indeed there was an underlying expectation, that 
there would result finally from the (^oast and Geodetic Survey a 
complete topographical map of the United States. There was hence 
a perfect system of national and state topographical s*irveys well 
organized and under its charge, progressing as fast as necessary, 
with ability to progress indefinitely faster. 

This was recognized by the National Academy of Science in its- 
recommendations of 1878, and the organization of the United 
States Geologiciil Survey was effected in 1870 without taking this 
function away from the (leodetic Survey. Indeed the action of 
('ongress left the Geodetic Survey with all this duty on hand ami. 
in course of fulfillment, nud dul not tjirr It tn. fhr tteu- sftrrru,. 
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whose duties were, however, fully defined in its organic law. It was 
an after-thought that caused the Geological Survey to enter upon 
topographical work — and more especially so in the eastern states. 

P. 238. Prof. George Davidson testified that the work of the 
Coast and Geodetic Survey is now (1884), **the very work which 
is suitable for the topographical map, or for geological purposes," 
though more accurate than that done by the United States Geolo- 
gical Survev. 

P. 367. Prof. Hilgard states. 

By a proper co-ordination of plans the work for any part of the 
country, or for the Geological Survey, may bo executed in conformity 
with the general plan. 

The foregoing is suflftcient to show that the Coast and Geode- 
tic Survey was engaged (in 1882) in systematic triangulation of 
the older states with a view to a complett^ topographical map of 
the United States, and had executed a por tion of such topograph- 
ical map in Maryland and Virginia, and was linked, under a 
law of Congress, with eleven of the Stiites in preliminary work for 
topographical maps of those states, and had a reasonable expec- 
tation of continuance in that work to its completion. 

4. It will next be necessary to consider another of Mr. Gan- 
nett' s views as to the relation of his work to the Coast and 
Geodetic Survev. We stated in our editorial in the November 
Geolooirt that there came to be rumors of clashing of ofiScial 
jf unctions, and of duplication of work, resulting in the appoint- 
ment of a joint commission from the Senate and the House of 
Representatives, to consider the organization of these and other 
Ibureaus. Mr. Gannett says, **this statement is entirely without 
sfoundation. " It is only necessary to refer Mr. Gannett and the 
reader to the following statements. We take first the statement 
.of Mr. Theodore Lyman in notifying the National Academy of 
.Science of their appointment and asking its aid. 

These important branches of our Government have grown rapidly 
:and have reached a position where they in some respects impinge one 
on another in such a way as to threaten in certain cases, a duplica- 
(tion of work, and perhaps some waste and confusion, p. ♦2. 

The committee of the National xVcademy of Science themselves 

state : 

The work of these four organizations should be more thoroughly co- 
ordinated than it is now. p. *2. 



Again Mr. Lyman, an intelligent member of the committee^ 
from Massachusetts, after the progress of the investigation had 
brought out prominently the respective duties and plans of the 
two sur\'eys, remarks (p. 72): 

^ow, if we turn to the Geological Burvey, that branch of the Gov- 
ernment should be doing one thing and is doing two things. It should, 
after the manner of the English geological survey, which was started 
in 1832 under J)e la Beche, be simply engaged with geology, paleon- 
tology, mineralogy and metals, woods and forests if you please, and 
the like. But what it is doing outside of this is to make a map of this 
country, and on a basis which is not entirely satisfactory. That is 
to say, that map is not entirely based on accurate triangulations of 
the Coast Survey. Therefore, how are we coming out if we go on in» 
the present way? In the first place, we shall have the work of the 
Coast Survey, as executed by the naval officers and the civil engi- 
neers, of the utmost accuracy, and, secondly, we shall have trian- 
gulations across the continent executed by that same reliable 
survey, to endure for all time. We shall have the admirable work 
of the United States engineers on the rivers and lakes; then we 
shall have the shiftless and slovenly work of the Land Office in 
plotting and parceling lands, and finally we shall have the Geo- 
logical Survey as it is now going on, which is only "sufficiently 
correct" ; the head of that survey used that term before this com- 
mittee. He said it would be sufficiently correct, which means- 
not mathematically correct. Now it does not seem to me that for 
a nation which in a few years is to be the richest, the most 
powerful, and in certain respects the most civilized nation of the 
world; it does not seem to me that it is proper for that nation to 
go on in such a way. These labors sliould be co-ordinated and 
should be lifted to the highest plane possible. 

That, I understand, is the object of the general plan proposed by 
the National Academy. 

Prof. Hilgard stated (p. 54) that appropriation bills passed by 
Congress have ordered him to make a map of the L^nited 
States — '^compiling data for a general map of the United States"" 
— and he exhibited one of the sheets thus made. Wheit 
asked, ^*What relation is there between your map and Gen. 
Powell's geological map,"' he replied: '^They are much loo 
nearly alike to carry out both." 

**You think that if this was completed his would not he- 
needed?" 

**No, I think that if his was completed mine would not he- 
needed." 

Is that clashing? Is that infringement? Is that interference?' 
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Fhore weiv eleven States co-operating with the Coast and Geo- 
'de tic Survey in the construction of toix)graphical maps in 1S84. 
If there are none in 1H92, as stated by Mr. Gannett, what is the 
probable reason? 

P. 240. Prof. (leorge Davidson testifies that to avoid dupli- 
cation an(i lack of co-ordination which exists ** according tea 
conviction which has grown up in his mind," there shonki be 
some authority, and the same authority, to control these two 
<»hiefs, and argues (on p. 241) against a '* conflict" which he sees 
.between tlie two surveys. 

Enough has ))een said to show, it seems to us. that we were 
justified in our remark that there were rumorsof clashing and dup- 
lication. We might have stated, without fear of successful con- 
tradiction, that thcrv irus rhmhiny^ and we might have adduced 
instances, Init we did not presume that anyone wouhl question 
•such [)alpable historical facts. 

5. We do not wish to go into details to show the deficiencies 
•of the topographical maps of the V. S. Geological Survey. We 
:are quite willing to admit that they are useful and good maps, 
4in(l that we should be sorry to see the topographical work cease. 
We might, however, instance important tests of those maps by 
?iome of the first authorities in the countr}', and we could point to 
several of the States of the Union which have objected to them 
;ind have either insisted on better maps or have refused to make 
use of them in their own surveys. They serve, nevertheless, 
many useful purposes. Our chief objection is against the agency 
that is carrying on the work. We think it should be done by a 
distinctly mensuration survey, preferably' the Coast and (ieodetic 
Survey, and that the expense of it should not be burdened up<m a 
•'geological survey." It would be better to establish an entirely 
sepamte ))ureau charged with the execution of this map than to 
allow it to proce(Hl under the present organization. That would 
give it definiteness and recognized standing in the appropriation 
bills, and it would leave the Geological Survey to prosecute its 
legitimate work in a definite sphere which also would have a rec- 
ognized position and standing. 

We do not wish to Ije misunderstood. We are opposed simply 
to the execution of this work under the name of a yvologival sur- 
1(1/ \ as a f()po(/rajfhic(ff survty its work is not sufficiently exact 
for tlie demands of the closing years of the nineteenth century. 
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Wo have often wondered at the vast amount of work accom- 
plished by the director of the United States Geological Survey, , 
and have admired his ability and consummate tact in the manage- 
ment of the man}' interests intrusted to him. We do not wish to 
throw a straw in his way, but rather to relieve him of a portion 
of his labor, and at the same time to establish two of the great 
enterprises which he has in hand on sure and recognized bases. 
In that we aim as much to individualize and strengthen the geo- 
logical survey as to correct and fortify the topographical 
snrvev. 
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Thi' VtAviiuic llnck'ii of Suutli Mimutain in Pniintfflranin mul Mtu'tjland. 
By Gkokok H. Williams ; Amer. Jour. Sci., vol. xliv, pp. 482-496, Dec, 
1892. The object of this article is to niinounce the identilication of a 
large area of volcanic rocks which make up nn important portion of 
t5outh mountain. These rocks show abundant evidence of their vol- 
canic origin in their structure, chemical composition and petrogra- 
phy. South mountain has been studied and described in more or less 
detail by Henry Rogers. Tyson, Frazer, Hunt and Lesley; but none 
of these geologists seem to have completely recognized the true nat- 
ure and genesis of these rocks. They have hitherto been known as 
felsyte, argil lyte, petrosilex. chlorite-slate, epidote-slate, etc., and 
their origin has usually been ascribed to sc^dimentary agencies. The 
reasons for the latter fact are that the jointing and slaty structure of 
the rocks, although of sec^ondary origin, has l)een taken as proof of 
sedimentation, and that no one familiar with recent volcanics has ex- 
amined them. 

The igneous rocks of South mountain mx'upy an area of about 175 
square miles and, so far as examined, are found to be of two classes — 
acid and basic, with their asscx*iated pyroclastics. The acid ones are 
usually iwrphyritic and are found to exhibit the characteristics of 
recent glassy and half-glassy rocks — such as flow-structure, perlitic 
structure, lithophysa', spherulites. axiolites, etc. — in hardly less per- 
fection than those described by Iddings from the Yellowstone park. 
A characteristic feature of the rwks under consideration is the 
eutaxic structure, i. e.. the intermingling of two portions of the mag- 
ma which show diflferences in color and chemical composition ; when 
these mingle in interlacing bands there is some resemblance to sedi- 



mentary banding. The acid rcx;ks are found to belong to the group 
of rhyoliUj^. The basic rocks, which prove to be hamlu^ occupy an 
area only about half as large as the acid ones. The former have been 
more generally sheared into slates and more altered than the latter, 
but sufficient of the original structure is left to show tlieir volcanic 
origin, and in chemical composition they agree with normal basalts. 
Another proof of their igneous origin in that in j)lace8 these rocks oc- 
cur as dykes. 

The age of the South mountain volcanics and their relation to the 
sandstone, in which Walcott has recently identified a lower Cambrian 
fauna, are briefly discussed and it is stated that the entire absence of 
sandstone inclusions in the lava and breccia, the observations of Keith, 
Geiger and Walcott, and the sections made by Miss Hascom across 
Monterey peak. Pine mountain. Jack mountain and Haycock all indi- 
cate that the sandstone is altogether above tlie volcanics. **The 
Houth mountain volcanic ro(*ks therefore become, not merely in their 
petrographical character and richness in metallic copper, but also in 
their stratigraphical position, comparable witli the Keewenawan or 
Nipigon series of lake Suj)erior." 

Extensive chemical changes, involving devitrification and the forma- 
tion of new minerals, have gone on in the volcanics of Houth mountain, 
but their original structures are finely preserved. The formaticm of 
epidote has taken place to a great extent in the basalts. 

It seems possible, and indeed very probable, that many more areas 
of old volcanic rocks will be recognized in other regions of Americar 
when they come to l)e carefully studied. The ro<*ks of South moun- 
tain have been known for many years and yet their true character 
was not discovered, and it is not going too far to suppose that many 
other rocks of similar characters have l)een overlooked and will in 
the future be given their proper position. In this paper Prof. Wil- 
liams has not only given us some very interesting facts, but has also 
thrown considerable more light on the history of our earlierf ormations. 



A coiitn'hufioH fo the (ieolotjtj of the Great Plains, |{y Robert Hav 
Bulletin, G. S. A., vol. iii, pp. 519-621, with a general section on the 
102d meridian. Two noteworthy features in the topography of the 
mid-Plains region are here noted. A valley lies between the margin 
of the plains and the Rocky mountains, the former having a steep 
western escarpment from near Pueblo to near Cheyenne, while west- 
ward from Cheyenne a ridge, constituting the highest part of the 
plains, runs up to nearly 7,000 feet and abuts on the tilted Mesozoic 
and Palwozoic formations of the mountains. The other feature speci- 
ally described consists in the deep and very irregular erosion of the 
valleys in Nebraska and Kansas, between the Platte and the Arkan- 
sas, where sandy Tertiary beds are **carved into fantjistic forms of 
castles and buttes and palisades which vary by a local picturesqueness 
the intense monotony of the plains." 
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On tfm atrurture and age of ike Stockhrhhje linwAtonc in the Veniamt 
valley. By T. Nelson Dalk. Bulletin, G. iS. A., vol. in, pp. 514-519, . 
with a map plate and two figures in the text. The entire thickness 
of the Stockbridge limestone in Jiutland county, Vt., appears to be 
about 1,200 feet, of which the lower part, measuring about 470 feet, is 
of Cambrian age, as known by a llifoiithfs bed at West Clarendon. 
The upper part of this limestone, however, according to its fossils 
collected by Rev. Augustus Wing and Mr. A. F. Foerste, is of Lower 
Silurian age, to which ^Iso belongs a part, if not all, of the overlying 
mass of Schist. 

Suppoi^ed intcrglacial xlw.ll-hedH in Shmpshii'i'f Emjland. By (t. Kked- 
ERicK Wright. Bulletin, G. S. A., vol. in, pp. 505-508. A shell-bed 
discovered by Mr. Prentiss Baldwin and the author at Ketley, near 
Wellington, in Shropshire, containing many specimens of TtirrUrUa 
communU and a few other species, had a thickness of two or three 
inches, underlain by sand and gravel 25 or 30 feet thick and overlain 
by 10 to 15 feet of till. These marine shells, occurring about 500 feet 
above the sea, are ascribed, like those fouiid up to about l,l(X) feet at 
Macclesfield and I,4(X)feet on Moel Tryfaen, to erosion from the bed of 
the Irish sea and transportation to their present position by an ice- 
sheet fiowing southward from the Scottish highlands and from Ire- 
land. As shown by Prof. Percy F. Kendall, the distribution of Scottish 
boulders is co-extensive with the occurrence of these marine shells 
and shell fragments. Such interpretation, according to AVright and 
Kendall, removes the principal ground for the supposition of an inter- 
glacial epoch in England. The lower and upper till are regarded as 
"probably the product not of two distinct glacial periods, but of minor 
episodes in a single period." 

Geologif of thr Pn'Ulof iHlnnda. By.Io.sKiMi Stanlkv-Bkowx. Bulletin 
G. S. A., vol. in, pp. 496-500. The Pribilof or Seal islands, consisting 
of basaltic outflows and tufF, rise from the almost level submarine 
plain which is covered by the shallow waters of Bering sea. St. Paul 
island, the largest member of the group, has a length of 12 miles and 
width of 6 to 8 miles. Its shores are low, and its surface is diversified 
by numerous small volcanic cones irregularly grouped about the cen- 
tral crater, called Bogoslof, which is about 600 feet high. In a cliff of 
tuflf on this island, known as Black bluff, which has been partly eroded 
by the sea, rounded calcareous clay fragments, c<mtaining fossil shells, 
are found ; and each of the fifteen species collected here by the author 
and identified by Dr. William H. Dall, has living representatives in 
Bering sea. These fossiliferous fragments are explained by their be- 
ing "caught up mechanically from the adjacent sea bottom and dis- 
tributed through the cone during its creation." 

St. George island, lying about 36 miles southeast of St. Paul, is 
slightly smaller. It differs from St. Paul in being a mesa, 3(K) to l,(XX) 
feet high, bordered by a precipitous shore line. Its later lava flows 
issued from a vent near the middle of the island and from another on 
its northern shore, now more than half eaten away by the sea. 
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Thi' (wulji iif Mt'.ciro (M (I iiienHure of InoMiuij. By W J McGkk. Bulle- 
tin, G. S. A., vol. Ill, pp. 501-503. Subsidence of different portions of 
the shores of the gulf of Mexico appears to be closely proportionate 
to the local rates of deposition. It is thus indicated that throughout 
the southeastern part of North America isostasy is probably perfect, 
or, in other words, "that land and sea Iwttoni are here in a state of 
hydrostatic equilibrium so delicately adjusted that any transfer of 
load produces a precisely e(iuivalent deformation." 

This paper is published in the American Journal of Science for 
September. 1892. 

The Iro^itiit'tH slmrc nortli of Uw Adirotuhirk'/t. liy .T. W. SpKXt;KU. 
Bulletin, (i. S. .V., vol. m, pp. 4S8-4J)l. Plains and terraces of gravel 
and sand, occurring on the rivers flowing northward from tha Adiron- 
dacks, mostly between 700 and 1,200 feet aliove the sea, are regarded 
at? evidence of the extension of the Irotiuois shore to a distance of 100 
miles? northeastward from Watertown. Though this shore is con- 
tinuous from Watertown southward to Home, 440 feet al)ove the sea, 
at the present divide between lake Ontario and the Mohawk, Prof. 
Spencer believes that the Irocjuois water body was an arm of the sea, 
and that this region has been differentially uplifted since the Ice age 
to a mnxmium amount of al>out 1.2(K» feet. 

dinnntlx orrr dirtih'M iutt fr'nUiin' i>er se of fjJorial Udrx. By J. VV. 
Si'ExrEK. Bulletin, U. S. A., vol. in, pp. 491, 492. On the western side 
of the Adirondack imiHHif^ the divide between the head of the valley 
of the Black river and that of an eastern branch of the Mohawk is 
1,141 feet above the sea. Terraces of sand and gravel lie at a consider- 
able hight above the streams both north and south of this divide, the 
highest on the north, near Koonville, being at 1,190 feet, and the 
highest ten miles south of the divide l>eing at 1,095 feet, whreh is 325 
feet alM)ve the adjacent stream in the bottom of fhe valley. These 
.terraces are regarded by the author as the former shores of a marine 
striiit during the subsidence with which the (-rlacial period ended. 

In the discussion of these papers, Mr. (i. K. (tiluekt, who had ex- 
amined these areas with Prof. Spencer, attributed the plains and ter- 
races to river action attendant on the recession of the ice-sheet, but 
could not regard them as shore lines either of lakes or of the sea. 

Xittrs on the (leohnjij of thr Yukon htisln. By (■. Willauu liAVKS. 
JUilletin, (4. S. A., vol. in, pp. 495, 496. This is a very concise abstract 
of the author's observations in the summer of 1891, during a journey 
of about 1,000 miles through the country east and north of Mt. St. 
Elias. The interior range of the St. Elias mountains, extending north- 
westward toward Mt. Wrangell, is found to have a simple synclinal 
structure and is composed chiefly of ( 'arboniferous and Triassic strata. 
The white volcanic tuff which has been noted by various travelers 
on the Lewes and Pelly rivers was found to increase gradually toward 
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the west, reaching a maxhnum of about 50 to 75 feet in thickness in the 
apper White river valley, from that point decreasing very rapidly 
westward. The probable source of the tuff is a high conical peak 
-close west of the 14 1st meridian, in the northern border of the St. 
Ellas mountains. Glacial drift in the White river basin reaches only 
about 40 miles north of the present glaciers. 

The paper is published in full by the National (leogrnphic Afagazine, 
vol. IV, 1892, pp. 117-152, with three plates. 

Itelattointhiir /*/' tin' (ihtr'ml fjakr.< Wnrrnt^ Ahjmn/olti, frfn/udtH, a»(f 
llmUon-VhnmpUiiu. By NVakkex Uimiam. Bulletin, (i. S. .V., vol. iii, 
pp, 484-487. Lake Warren, held by the barrier of the retreating ice- 
sheet, extended from the western part of the basin of lake Ontario 
over the upper Laurentian lakes, and outflowed at ( 'hicago to the T)es 
Plaines, Illinois, and Mississippi rivers. When the recession of the 
ice uncovered the Mohawk valley, lake Warren became changed to 
lake Iroquois, the (tlacial rei)resentative of lake Ontario, and to lake 
Algonquin, which occupied the basin of lake Huron, perhaps also ex- 
tending into the basins of lakes Michigan and Superior, with outflow 
eastward at first through Balsam lake and the river Trent to lake 
Iroquois, and later by the way of lake Nipissing and the Mattawan 
river to the northward expansion of lake Iroi|Uois in the lower part of 
the Ottawa basin. To this extent the (ilacial history of the Lauren- 
tian lakes had been worked out by Spencer and Gilbert, beyond which 
Mr. Upham considers the question. Where was the ice-sheet latest a 
barrier across the St. Lawrence basin? The directions of glacial 
stria' and transiM)rtation of the drift show that the ice of that region 
during the closing stage of glaciation was thickest on a l)elt crossing 
the St. Lawrence in the vicinity of Quebec. Therefore it is inferred 
that lake Irocjuois extended down this valley to (Quebec, before the 
ice blockade was removed and the sea allowed to come in. when its 
marine fauna reached nearly to the present mouth of lake Ontario, to 
the south end of lake Champlain, and in the Ottawa valley to Allu- 
mette island, 75 miles a!x)ve the city of Ottawa. \ Olacial lake which 
had for a time occupied the valley of the Hudson and of lake C'ham- 
plain was merged with lake Inxjuois by the retreat of the ice from the 
northern side of the .Vdinmdack mountains, fhe level of lake Iro<iuois 
being at the same time lowered about 250 feet. 

Sicofifhinj limidliKj in. (iurixH. By Wm. 11. Ilnniis. Bulletin. (i. S. A., 
vol. III. pp. 460-404, with a plate, and 4 figures in the text. Cleavage 
foliation, which has been mistaken for sedimentary stratification, is 
described in calcareous muscovite biotite gneiss near the Hopkins- 
Searles quarry in (.treat Barrington, Mass. Contorted (juartz lenses 
and crumpled banding, approximately at right angles with the folia- 
tion, display the true bedding conformable with that of the dolomite 
in the quarry. Dr. Hobbs remarks: ''The occurrence of parallel 
layers of different mineralogical composition in a metamorphic clastic 
rock has been considered one of the l)est criteria in determining the 
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planes of stratification, wliere these have been partially effaced by 
sulwequently induced structures. The structures observed in ther 
gneiss of the llopkins-Searlesffuarry indicate that one may easily be 
deceived in applying this principle." 

Similar observations by Mr. T. Nelson Dale ( Asr. Gk<>l(H4Ist for July, 
1891) and Dr. J. E. Wolff show that the apparent strike and dip of the 
metamorpliic strata forming large sections of the (treen mountain belt 
belong to the superinduced cleavage, while traces of the sedimentary 
bedding are inconspicuous or altogether obliterated. , 

Profrediuf/M of the Fourth Annual Mt'ethuj, held at t'olnmhna^ Ohio 
Devemher JO, .iO, and .//, 18!U. Hkkm.an Lk Hoy Faiiu iiiu), Secretary. 
Bulletin, Geological Society of America, vol. iii. pp. i-xii and 453-541; 
Nov. 9, 1892. 

The rei)ort of the committee on photographs shows .*M2 additions 
during 1891, all by donation, of which 25 are from the Geological Sur- 
vey of Texas ; 51 from that of the United States, including a series of 
26 by I. C-. IJussell, taken during his second expedition to Mt. St. Elias 
and the Malaspina glacier; 81 from the Geological Survey of ('anada; 
63 of the Adirondack region, by S. U. Stoddard, of (xlens Kails, N. Y.; 
25 of mountain and canyon scenery in Colorado, by F. H. Chapin, of 
Hartford, ('onn. ; and 74 of the ^luir glacier and its vicinity, by Prof. 
H. F. Reid, of (Vleveland, (). ' 

The accuracy of the printing of this volume, and its elaborate index, 
filling eleven ijages with double columns in snuill type, reflect much 
credit upon Mr. W J 3[c(iee, the editor. Besides the memorial of Dr. 
John Francis Williams, which had been jirepared for and presented 
in the Gk(h.o<jist for March. 1892, this brochure contains a number of 
papers, either entire or in abstract. 

Eltin^nfai'if Geohujij. ('uaulks Bikd, London. Longmans, (ireen & 
(■o., 12 mo., pp. 248, 1890. This is a simple text-book for beginners, 
especially adapted to a chxss of boys who have a teacher to accompany 
them on excursions. Beginning with elementary definitions, the 
author gives numerous examples of dynamical geoh)gy and passes 
thence through the gamut of the formations from the Archean to the 
Pleistocene. It is intended for students resident in Great Britain. 

North Ainrrlrnn (Icoloijif and Pahontidofjtf. S. A. Millkk. First ap- 
pendix, extending the paginaticm to 718 and the illustrations to 1265. 
Mr. Miller has included new genera and species published since the 
appearance of the volume about two years ago. The increased volume 
is still sold at $5.0(), by the author, Cincinnati, Ohio. 

Mk. Gkoik^k F. Kr.N'z has also issued an appendix to his work, (iem^ 
and Precioui^ Stonrn of Amcrira, whicli extends his volume to page 367, 
including, with other additions, an account of diamonds found in Wis- 
consin and ill meteorites. 

.1 littl<! inorr Ihjhf on thr t'nitrd StatcA (rcolotjiral Survcif. .llLKs MaR- 
c»>r, (vambridge, Dec, 1892. In this Mr. Marcou continues his criti- 
cism of tlie methods and the ofhciary of the U. S. Survey. 
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lliinil hook of Physical Geologij, A.J. Jukeh-Bkowne, London. George 
Bell and Sons, 12 rao., pp. 6d6, 1892. Becond Edition. This little 
volume cannot fail of being useful in the hands of all teachers and 
students of physical geology. It has little or no reference to histori- 
cal geology. Its grouping and presentation of tlie dynamics of the 
surfa(*e of the earth, its accurate definitions and its condensed sketch 
of recent progress in the sciences of mountain-making, metamor])hism 
and the substructure of the crust of the earth commend it to such as 
desire a compend in convenient form and from a reliable authority. 
The whole of physical geology is discussed under three divisions, viz.: 
dynamical, structural and i)hysiographical geology. 
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The Hujaixsvii.LE Sheet of the ^[isMorRi SnivEV. — I notice in 
your issue for this month a review of our publication entitled the 
'*Higginsville Sheet in Lafayette Co.," in which you raise certain 
objections to the form of publication, and offer certain suggestions 
concerning the publication of maps. As the subject is one in which I 
am very much interested, I wish to take this opportunity to reply to 
your objections and suggestions and to explain in some detail my 
reasons for adopting the form of publication represented by the 
HigginsviJle sheet. 

It is my intention that the following remarks shall apply to a 
general system of mapping of a state or nation ; not to special maps 
prepared for special purposes or of special districts. The accompany- 
ing reports referred to are brief descriptive reports of the area mapped, 
such as I have termed "Area Reports" (the equivalent of the county 
reports which have been used) ; large volumes or monographs treating 
of certain subjects, such as I have termed "Subject Reports," are !iot 
to be included under these remarks. 

As 1 understand it, the questions at issue are: 

1. What shall be the unit of area ? 

2. What shall be the size of sheet ? 

3. In what form shall the sheet be publislied ? 

So far as I can gather from your review, I conclude that your an- 
swers to these questions would be as follows : 

1. The county shall be the unit of area. 

2. The size of the sheet shall be uniform, but shall not exceed a 
large .quarto page in dimensions : that is, the maximum size shall 
be about 9x12 inches. 

3. The map shall be published as an insert in a quarto volume. 
My answers to these questions, on the contrary, are as follows : 
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1. The unit of area shall be a geofi^raphic one and shall be a fraction 

of square degree of latitude and longitude. 

2. The size shall be uniform and the sheet, including the nuirgin, shall 

be Vl}i X 21f<i inches. 

3. Tlie map shall be inserted without folding in a report of folio form 
of which tiie page of text shall be of the same size as the map. 

My chief objections to the plan proposed by you are : that it restricts 
the use of a large scale and that it |)rev'ents the adoption of anything 
like a uniform scale. Further, a county is not a fixed unit, but is 
liable to be changed constantly by sul)division. 

(^'Ounties are of extremely variable areas. Within the United States 
they range frcmi 25 s(|uare miles to 12,0(K)s(iuare miles in extent : while 
counties of 2(K) square miles and 1,(KK) stjuare miles in the same 
state are conunon. In ^finne.sota the smallest county is 162 square 
miles in extent, while the largest county contains 5,86(1 s(|uare miles. 
Tn Missouri counties range sinn'larly from 270 to 1,145 scjuare miles in 
area. The limits of a <|uarto page for maps of these areas would allow 
the scale, in some cases, to be as much as 2 inches to one mile ; whereas, 
in another case, it would have to be as little as 1 inch to 11 miles. F'or 
counties in Missouri the largest scale permissible would be 1 inch to 
JiV miles and the snuillest scale would be 1 inch to IVo miles. In 
Minnesota, similarly, small and large <'ounties would have to Xw re|)re- 
sented on scales varying between 1 inch — l|*o miles and erne inch = 
1^<2 miles. 

It would be superHuous to argue before you the necessity of using 
a larger scale than the size you fix will permit, for the representa- 
ti<m of all the valuable detail which we try to include in our modern 
geoh)gical maps. I take it for granted that you will recognize this 
without further demonstration, and it seems to me that this is an in- 
superable objection to the limitations of a (luarto page. (iranting 
this conclusion, the alternatives which suggest themselves for obviat- 
ing the ditticulty are as follows: 

A. To retain the county as the unit of area and to make the sheet of 
uniform size, but to enlarge the sheet to such a size that the larg- 
est counties can be represented in all the detail necessary. 
H. To retain the county as the unit of area but to abandon uniform- 
ity in the size of the sheets. 
('. To abandon the county as the unit of area but to retain uniformitv 
in the size of sheet. 

Adopting the first alternative (A), the county 1,()00 square miles in 
area, mapped on a scale of one inch to the mile, would require a sheet 
at least 32 inches sijuare ; a county 5,000 s(iuare miles in area, mapped 
on the same scale, would re([uire a sheet 72 inches s(|uare. A plan of 
publication necessitating such large sheets as this for small as 
well as large counties, is plainly cmt of the question. 

According to the second alternative (B), a county of 160 square 
miles, ma])ped on a scale of one mile to an inch, could be plotted on a 
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sheet 13 inches .s(|imre : whereas a county of 5,1)00 square miles, 
mapped on the same scale, would require a sheet at lea^^t 72 inches 
M{uare. Such a range in size of sheet as is here indicated — and 
a much greater range would at times be necessary. — is sufficient 
to condemn this second alternative. 

The third alternative (C), is the one embodied in the Higginsville 
sheet. It retains uniformity in the size of the sheet ; it permits the 
use of any scale desired ; the size of the sheet is not too large for ready 
handling. 

1 recognize it as a controlling principle in the publication of a series of 
maps that, for comprehensiveness of view and in order that the relation- 
ship of parts shall be clearly seen, the area represented by the map 
should be as large as is possible, compatible with convenience for use. 
We are all familiar with the great and many times folded sheets accom- 
panying many public reports ; especially those of the earlier explora- 
tions in our country. Their large size and awkwardness defeat the main 
object. It is an exasperating problem to unfold them for reference 
without mutilation and it is a veritable Chinese puzzle to return 
them to their places with the same folds and creases. 

The size represented by the Higginsville sheet seems to me a good 
compromise between these great maps and the small page plate. It 
is not too large for one to hold it in the hand or to have it at one's 
elbow on the desk convenient for reference : it is not so small as to 
prevent the representation of a large area on a rea.sonably large scale. 
The geographic unit of area is one of universal adaptability ; it is 
absolutely fixed and its position on the surface of the globe is clearly 
defined tg any man who has the rudiments of geographic knowledge. 

(/oncerning the publication of the report in folio form along with 
the map I do not know that T can say anything further in explanation 
than has already been said in the "Notice" accompanying the report in 
questi<m. The following is (juoted from this notice. 

"The controlling ideas have been to bring prominently forward, as 
an important part of the publication, the accompanying map and 
section sheet, and to make them of ready access for reference. The 
great amount of detail embodied in these sheets justifies the sub- 
ordinating of the report to them. As future sheets and reports are 
issued they can be bound together in atlas form in substantial covers. 
Every one recognizes the objectioTis to a folded map inserted in a 
pocket at the end of the report ; it is inconvenient for reference ; it is 
liable to l>ecome mutilated and torn from frequent folding and un- 
folding ; it is often dropped out of the pocket and lost, and it can 
never, in its secluded retreat, be recognized as the j)rominent feature 
of the publication. An octavo report, accnmipanied by unfolded maps, 
in a separate cover, is open toother objections perhaps equally strong ; 
the chief of these are that the maps and reports are of different sizes 
and have to be separated in the library and are, hence, not readily 
ac«essible; one i)art frequently goes astray or is lost while the other» 
incomplete in itself, is retained : the two together are awkward to 
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carry. InJierent objections tx) the form of publication here advanced 
are, lunvever, recognized. The report is of inconvenient size and 
shape for ready reading and it cannot be easily carried about for 
reference. 8tili, thest* objections, though inclining one to an adverse 
opinion on first thought, will, it is believed, appear of less weight when 
all the other considerations are taken into account ; this has been the 
experience with most of those who have been consulted and who have 
considered the matter." 

In reply to your objectitm that ** common library shelves will not 
accommodate such a document," it seems to me that all collectors of 
books who make pretensions to having a library at all, must provide 
for the care of atlases and maps. Any broad shelf or drawer designed 
for this purpose will accommodate our publication. 

In conclusion I wish to repeat that this subject of systematic map- 
ping and the plan of publication is one which interests me very much 
and is one to which 1 have given a good deal of thought. Nt) one is 
more anxious than am 1 to produce truly serviceable maps and to 
publish them in the best form, all interests considered. I am, there- 
fore, gUid to take this opportunity of expressing, in some fullness, my 
reasons and conclusions. 1 hope that they may elicit, similarly, free 
discussicm from others; for it seems to me at the present time, when 
so much mapping is being done in various parts of the country and 
so much discussion (m the subject is being entered into, it is par- 
ticularly important that all the pros and cons be considered and 
that a well established conclusion be reached for guidance in future 
practice. Airrnru Winslow, 

Jt'ffi'i'xon City, Xor. 1 4, IS!*/. State (leologist. 

TUK Toi'()(JIl:\lMII<AL WoKK OV TUK NATIONAL ( JEOUK J U'A 1. SlUVKV. 

In the editorial in the December number entitled the ''First Decad 
of the Geologist," you say: "The editors have had untrammelled 
freedom, as individual editi)rs, to write whatever tliey chose. Some- 
times they have found themselves at variance on views expressed, 
and they have had the privilege t(» write counter editorials in rebut- 
tal of other views." In the Noveniber number of the Cieolociist was 
an editorial entitled "The Topographical Work of tlie United States 
Geological Survey," which was so entirely at variance with my views, 
that I beg you to insert tlie accompanying article by Mr. Henry Gan- 
nett, wliich expresses what in my opinion, is tlie exact status and 
value of that work. Whatever may be said concerning individuals 
upon the U. S. Survey, or the weakness alleged to exist in the other 
divisions, I believe the topographical map is by far the most import- 
ant and useful work that could be accomplished for American geog- 
raphy and geology. There can be no more humiliating confession 
than that our cmintry does not possess a nuip of its simplest geo- 
graphic features, and aside from all geological considerations, 1 think 
that the topographical work should receive the loyal support and 
friendlv aid of everv American citi/.(.*n. Furthermore.! believe that 
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major Powell and Mr. Gannett have conducted this division in the 
ablest manner possible, and it gives me much sorrow to see a journal 
bearing my name as an editor, opposing this great work. The present 
attitude of the government towards scientific bureaus is one that calls 
for the most delicate action and consideration, both upon the })art of 
. those in and out of the Geological Survey, unless it is their mutual 
object to destroy it. It is a pitiful spectacle to see the lack of united 
action in this emergency, and without committing myself to any fac- 
tion, I can only say that accusations will not advance the best inter- 
ests of science in this country, in the minds of our lawmakers. 

Very sincerely yours, Kobt. T. Wu.x.. 

WaHhlmjtonj I). (7., Ih'cemher /J, 18iU. 

The Topographic Work of the National Geological Survey. 
The November number of the American Geologist contains an edi- 
torial criticizing the policy of the U. S. Geological Survey in carrying 
on topographic work and the quality of the resulting maps. Tiiis 
article contains numerous errors, some of which it seems worth while 
to correct. 

The first item of policy of the geological survey to which this article 
objects is the alleged extension of its field of work over the entire 
United States. The geological survey was instituted in 1879, and its 
field of work was defined as the ^'national domain.^' This expression 
was recognized as being susceptible of several different constructions, 
such as 

(1.) The public lands still owned by the United States. 

(2.) The entire areas of the territories. 

(8.) The entire area of all states and territories in whicli there 
was or had ever been public lands. 

(4.) The entire area of the country. 
Mr. King, the first director, adopted the last as the only reasonable 
construction, and immediately commenced examinations of the mines 
at Virginia City and Eureka in Nevada, and at Leadville in (.olorado, 
all on private property and all located within states. 

The attempts to obtain a change in the wording of the expression 
''national domain," to which the Gkologlst refers and the failure of 
these attempts, which it appears to regard as significant, were 
made simply for the purpose of relieving the expression of ambiguity, 
and to prevent just such misconcejitions as those of the editorial from 
arising. The mistake of the Geolihjist is the less pardonable, inas- 
much as the change proposed by director King was subsecjuently 
made aft^r full discussion in Congress, in which all the bearings of 
the matter were examined. 

The second and principal matter of criticism is the fact that the 
geological survey has undertaken the work of making a topographic 
map of the country and has for ten years devoted to it a considerable 
proportion of its appropriations. It does not appear that the writer 
critici7,es the policy of the survey in undertaking a geological map. 
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That is the principal work of every geological survey the world over. 
He claims, however, that it can be done without a topographic base. 
Were the writer a practical geologist, such statements would neces- 
sarily impair confidence not only in his ability but in his good sense. 
It is an axiom that no good geological map can be made without a 
good topographic map as a basis. The U. S. Geological Survey found 
itself without such maps except in certain comparatively limited 
areas, and there being no provision under any other organization for 
making them, this survey undertook the task. It was a condition, 
not a tlieory, that confronted it. Perhaps the ('oast and Geodetic 
Survey might have done the work better, but that organization was 
not doing it, nnd on application, declined to do it; therefore the 
geological survey having the means and having legal authority, pro- 
ceeded to do it. 

The writer fortifies his statement by the assertion that up to the 
time the U.- S. Geological Survey commenced systematic topographic 
surveys (1882), no geological survey liad found it necessary t-o do 
topographic work. Now the fact is, that with the exception of a few 
geological reconnoissances, every geological survey, whether under 
state or national authority, had prosecuted topographic work. Under 
national authority, the Hayden, Powell, Wheeler, and King surveys 
made topographic maps. Under state authority, the geological sur- 
veys of New Hampshire, New Jersey, Pennsylvania, North Carolina, 
Alabama, Kentucky, Ohio, Michigan, AVisconsin, Missouri, Minnesota 
and California had done the same, prior to 1882, while since that date 
many more have been added to the list. 

In ten years the Geological Survey has surveyed topographically 
an area of 550,000 square miles at a total expense of $2,150,000. The 
average cost per sciuare mile has been a trifle less than $4.00. The 
(xEOLooisT objects to this figure as being too low for good work — his 
argument is that the higher the price, the better the quality. But the 
area mapped includes regions surveyed on various scales, chiefly 
1:250,000, 1:125,000 and 1:62,500, which implies a wide range in cost. 
It includes areas where the work has been greatly aided by the sur- 
veys of the General Land Otiice, the Coast and (leodetic Survey, the 
Lake Survey, the Kiver Surveys, et<5., all of which have been utilized 
and the average cost has thus been greatly reduced. The maps of 
the New England states on the scale 1 :62,500 have cost per square 
mile from $9.00 to $13.00. This cost should imply to the Gkolooist 
good work, since it sets a limit of $10.00 per square mile as being sat- 
isfactory in the matter of expense. But work on the same scale in 
the Mississippi valley in Illinois, Iowa and AVisconsin has cost only 
$2.00 or $3.00 per square mile, and the results are (juite as satisfactory 
as in Massachusetts and New York where the cost was four or five 
times as great. The difference in cost is due in the main to the 
assistance rendered by the surveys of the (teneral Land Oflice whose 
corners furnish practically all the secondary locations. 

In the third place, the (tkologist charges duplication nnd clashing 
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between the Geological Survey and the Coast and Geodetic Survey. 
So far as known to one in a position to speak with authority , this 
statement is entirely without foundation. The Coast and Geodetic 
Survey is not mapping in the interior. There has been no duplication 
whatever, and instead of clashing there has existed the best of feeling 
and a most cordial cooperation between the two organizations. The 
Coast and Geodetic Survey has given in the fullest and freest possible 
manner all material desired by the Geological Survey, and its work 
has been utilized to the fullest possible extent by the Geological Sur- 
vey in the preparation of maps. 

Again, the article states that some fifteen or twenty States are now 
cooperating with the Coast and Geodetic Survey in the production of 
topographic maps. The fact is that no State is cooperating with that 
organization, for that or any other purpose. In certain states, namely, 
Tennessee, Wisconsin and Minnesota, the Coast and Geodetic Survey 
is executing triangulation at the request of the Stat« authorities but 
at its own expense. In none of these cases is the State doing any 
topographic work. 

The article contains numerous reflections upon the quality of the 
maps made by the Geological Survey. Now while the work must stand 
or fall upon its own merits, it is but just to the men who have exe- 
cuted it to remind the Geologist that errors will be found not only in 
the most expensive, but even in the very best work ; and that in seven 
hundred sheets, representing 55O,0O() square miles, it would be strange 
if the errors, collectively, were not numerous. That the work, as a 
whole, is of good quality is suliiciently attested by those who have 
used it. Among them may be mentioned prominently the commis- 
sioners of the three States with which the Geological Survey has 
worked in cooperation, namely, Massachusetts, Rhode Island and 
Connecticut. The maps of these states have been completed, and the 
results after careful examination have been pronounced satisfactory 
by the Boards of Commissioners. That the surveys are satisfactory 
to engineers is abundantly shown by the extensive use made of them 
by state geological surveys and by mining engineers,as well as in rail- 
road location and other similar works. For these purposes hundreds 
of proof sheets are daily distributed. They are in the hands of geol- 
ogists and engineers all over the country and are in very extensive use. 
In the mapping of its area this country is far behind other civilized 
nations. Scientific and industrial enterprises in this country have 
always been handicapped by the need of them. The Geological Sur- 
vey is now engaged in supplying this need upon a practicable plan, and 
at reasonable expense, immediately for its own use, but quite as 
much for the use of the public. It would appear that an attack upon 
what is presumably so useful a work should be undertaken only with 
a full knowledge of the circumstances and the technical details of the 
w^ork, in both of which the writer of the article shows himself lament- 
ably at fault. Hen'ry Gaxxktt. 
Wanhinglon, I). C. 
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PERSONAL AND SCIENTIFIC NEWS. 



Thk MirniOAN (lEciLooirAL Survey. — After a eoiuatosc state 
for ten years, the -'Board of (reological Survey'' of Michigan has 
presented a report to the Legislature. Dr. >I. K. Wadsworth. 
Director of the Michigan Mining School at Houghton, is state 
geologist and has the assistance of various members of his faculty. 
The report is a provisional on<» on the iron, gold, and copper dis- 
tricts of northern Michigan. In addition to this there is nearly 
ready for publication, Vol. 5, in the series of final reports, con- 
taining the geology of the Marquette district, the report of i)r. C. 
Kominger, and that on the gas and sjilt wells of the state. 

ArroRDixd to Major-(4eneral Drayson, of the Royal Artil- 
lery, the earth has a third rotation^ which causes th(^ half-axes of 
daily rotation to trace cones during a period of about 31, 600 
years. He concludes that the glacial periods depend upon this 
thii*d motion, and that they recur once in about 20,000 years, 
whilst the last terminated about (J. 000 years ago. The extreme 
variation of the poles amounts to about 12 degrees. The arctic 
circle encroaches on the temperate latitudes, and the tropic of 
Cancer varies the same amount toward the poles. The positions 
of these extremes determine the differences between summer and 
winter. (Jeneral Drayson supposes a glacial epoch supervenes 
when the difference is at maximum, coincident with the pole of 
the heavens and the pole of the ecliptic in the same colnre; and 
that the minimum of this difference, which marks the mild (or 
interglacial) epochs, will be reached in about the year 2295, A. 
D. The work, ^Unfruddm ground in astronomy and gf'oloyy^' 
discussing this theory is published by Chapman and Hall, ami 
Paul, Trubner & Co. , London. 

Wisconsin Academy of Sciences, Arts and Letters. The 

program of the twenty-third meeting held December 29th and 

!?Oth, at Madison, contained the following geological titles: 

On the geology of the Waterloo quartzite urea, I. M. Buell, Beloit ; 
notes on enr'v lead mining in AVisconsin, K. G. Thwaites, Madison ; 
I he progress of Geological Investigations and Surveys of the state of 
Wisconsin, pnrticuhirly of the Lead Kegion — A Historical Review 
and Bibliography (read by abstra(*t); Notes on the structure of the 
ore deposits of southwestern Wisconsin, AV. P. Blake, Shullsburg; 
Volcanite. a new type of nndesitic lava, AVni. H. Hobbs and Louis 
Kahlenberg, Madison. 

Dr. J. S. Newberry, who has been professor of geology and 

paleontology in Columbia College, New York City, for twenty-two 
years, died at New Haven, Conn. , Dec. 7, 1 892. A future num- 
ber of the Geologist will contain a suitable \)iographical sketch. 
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NOTES ON A FARTHER STUDY OF THE PRE- 
CRETACEOUS ROCKS OF THE CALIFORNIA 
, COAST RANGES.* 

By Harold W. Faikbamks, Berkeley, Cal. 
Plate IV. 
In the American Geologist for March, 1892, I advanced 

proofs of the pre- Cretaceous age of the metamorphic rocks of 
the Coast ranges. Since that time field work has taken me over 
nearly the whole extent of the southern Coast ranges, from San 
Francisco to Ventura count}^ where these ranges unite with the 
Sierra Nevada. From the latter point the complex series of 
mountain chains of southern California were examined to the 
Mexican boundary. Many new and interesting facts were brought 
to light; one of the most important of which was the discovery 
of Carboniferous fossils in the metamorphic rocks of the Santa 
I Ana range, which had been classed by all former observers as 

Cretaceous. It was found also that though the topography of 
southern California is complex, the geological structure is far 
more simple than has been supposed. Although the Miocene 
Tertiary covers a large part of the southern Coast ranges, so that 
the granite and metamorphic rocks cannot be traced continuously 

* Read before the Geological Section of the Science Assoc, of Univ. 
of Calif., Nov. 22d, 1892. 
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to their junction with the Sierra Nevada, yet there seems to be no 
doubt that such is actually the fact, as was found to be the case 
with the northern Coast ranges. 

In my former paper I traced the Palaeozoic rocks of Shasta 
county, part Carboniferous and part probably Devonian, south 
along the main Coast range to San Francisco l>ay. The litho- 
logical features of the series were quite constant the whole dis- 
tance, sandstone, slate and banded jasper predominating. The 
effects of intense dynamical action, resulting in crushed and 
contorted strata; and secondary silicification, in which these 
strata were filled with a net-work of minute quartz veins, were 
seen to be constant and distinguishing features. With the ex- 
ception of fossils of probable Palaeozoic age from western 
Tehama county, none wore found in this older series: but the 
Knoxville, the lowest known Cretaceous in the state, wherever 
present, was found generally to contain Aucellaj and to rest 
totally unaltered and unconformable on the Metamorphic series. 

The bay of San Francisco is formed by a depression extending 
across the Coast ranges from the great interior valley to the 
ocean. The outlet to the bay, the Golden (iate, is bordered by 
sandstone and jasper containing dikes of serpentine and other 
greatly altered eruptives. As we go southward the ranges form- 
ing the Coast system become very regular in their northwest and 
southeast trend. They do not run quite parallel to the coast, but 
lap past each other, forming a succession of headlands. Between 
these are long narrow valleys opening northwestward. 

The three most prominent ranges are the Monte Diablo, the 
Santa Cruz and its southern prolongation the Gavilan, and the 
Santa Lucia. They consist chiefl}' of granite, crystalline schists, 
and often but slightly altered sandstone, slate and jasper. As 
has been noted before, these rocks are so crushed that no system 
of folds can be made out, and the strike and dip are often almost 
indistinguishable. Greatly decomposed eruptives of many varie- 
ties are abundant. No granitic rocks have been found in the 
Monte Diablo range, but mica, hornblende and glaucophane 
schists appear in places. The first known outcrop of granite in 
the Coast ranges south of Trinity county, is on Tomales point, 
about twenty miles northwest of San Francisco. This outcrop 
lies in line with the granitic rocks of the Santa Cruz mountains, 
and is quite likely a continuation of them. South of San Fran- 
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CISCO granite outcrops first near Pt. San Pedro, and appears at 
intervals, above the Tertiary wiiich covers the western slope of 
the mountains j as far as Santa Cruz. Ten iniles away in a south- 
east direction, in line with the former outcrops, rises the Gavilan 
range, called by Prof. Blake ** a mighty mass of primitive rock." 
The range proper has a length of fifty miles and a width of ten. 
It is composed almost wholly of granitoid rock. Near the 
northern end are bodies of limestone and crystalline schists. 
Southeast of the Chelone peaks the range blends with the Monte 
Diablo range, and the granites are largely replaced by rocks of 
the Metamorphic series. These rocks form a long high ridge 
which sinks beneath the Tertiary before reaching Polonio pass. 
The granite of the Gavilan range does not terminate in the Che- 
lone peaks, but outcrops in places along the western base of the 
Metamorphic ridge for a distance of forty miles more. Its 
width cannot be determined for it is covered bv the Tertiarv on 
the west. 

In the canyon of Nelson creek the granite is seen to be brec- 
ciated, and to include broken strata of limestone. In a small 
gulch which enters the canon of Nelson creek from the high ridge 
of Metamorphic rocks on the northeast, there is exposed one of 
the most important contacts seen in the whole Coast range, and 
one which should settle the disputed question of the relation of 
the granites to the Metamorphic series. The gulch cuts squarely 
across the formation exposing the succession of strata very finely. 
Beginning at the mouth of the caiion we find outcropping first a 
fine grained granite so crushed that a hand specimen could not 
be obtained; next a stratum of limestone also brecciated and 
wholly inclosed in the granite. Following the granite, another 
irregular stratum of limestone. These dip to the southwest at 
an angle of 80 degrees, the granite overlying. They are followed 
by several hundred feet of mica schist, often presenting a pearly 
and hydrous appearance. Another stratum of limestone adjoins 
the schist, and that is succeeded by a width of twenty feet of 
banded green jasper. Then there is a great body of semi- 
crystalline limestone thirty feet thick; alx)ve that, green jasper 
again; the whole series dipping 80 degrees southwest. Farther 
up the hill the jasper gives place to crushed sandstone and ser- 
pentine. It does not seem that there can be any doubt about the 
granite having been intruded into these rocks which are an in- 
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tegral portion of the Metamorphic series. This determines the 
relative ages of the two formations; and if it is a fact, asT be- 
lieve it to be, that this granite is identical in age with that form- 
ing the great mass of the Sierra Nevada, the Metamorphic rocks 
into which it has been intruded belong to the same series and 
were uplifted at the same time as those of the Sierra. The time 
of this convulsion is supposed to have terminated the Jurassic, 
and to have been followed by the lowest undoubted Cretaceous 
rocks on the Pacific coast. 

The Santa Lucia range which begins at point Finos, Monterey 
county, and extends down the coast in a southeast direction, 
consists almost wholly for a distance of sixty miles of a coarse 
and somewhat porphyritic granite. Near the head of the Naci- 
mento river, the main southerly prolongation of the range changes 
its character, the granite being replaced by rocks of the pre-Cre- 
taceous series. This change is not abrupt, the massive rocks 
giving place to gneiss and schists, and these to metamorphosed 
slates, sandstones and jaspers. Owing to the extensive develop- 
ment of the Miocene sandstone on the eastern slope of the range 
the complete transition could not be seen. The granite does not 
terminate here but bears away from the ocean, and crops in 
several places in a line of low Tertiary hills which extends south- 
east between the Nacimento and San Antonio rivers. The third 
of these outcrops lies near the town of Paso Robles. In line 
with these exposures and about twelve miles in a southeast direc- 
tion, granite appears again in the San Jose range. This range 
has an elevation of nearly three thousand feet and a length of 
thirty miles. No Metamorphic rocks appear, and near the head 
of Carisa creek the granite again sinks beneath the Tertiary. A 
high ridge of Tertiary hills connects the San Jose range with the 
San E medio mountains, but as far as my observations have gone, 
the granitic rocks do not outcrop again until the latter mountains 
are reached. Blake, however, in the Pacific Railroad report 
maps the granite as almost continuous. Inasmuch as the several 
outcrops of this almost buried granite ridge lie directly in line 
with the course of the San Emedio range, and its prolongation 
both southeast and northwest, it seems highly probable that the 
two are really connected underneath the Tertiary. 

The Santa Lucia range follows the coast until near the town of 
San Luis Obispo, when it in turn passes inland, becoming wholly 
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covered by the Tertiary in places. The rocks exhibit as usual 
the effects of intense dynamical action, but have not been greatly 
metamorphosed. Tney have been intruded by a great variety of 
ancient eruptives which are much decomposed. In Santa Bar- 
bara county the Santa Lucia range becomes merged in the Cuyama 
mountains, but the rocks are finely exposed in the canon of the 
Santa Mai'ia river. In the central portion of the county they 
finally disappear beneath the Tertiary, which rises in mountains 
five to six thousand feet high. The most southerly outcrop of 
the peculiar Coast range metamorphics forms a line of hills along 
the western slope of the San Raphael mountains on the borders 
of the Santa Ynez valley. Here are jasper, sandstone and 
glaucophane schists. Here as well as in the Cuyama range the 
rocks have the same lithological character and have undergone 
the same crushing as the almost unbroken line of outcrops ex- 
tending north to Shasta county. Secondary silicification is often 
present, but is not as characteristic as farther north. The over- 
lying Tertiary sandstone, shale and banded flints, are folded but 
not metamorphosed or crushed. In southeastern Santa Barbara 
and northern Ventura counties the Tertiary beds have been 
enormously elevated, forming very rugged mountains five to eight 
thousand feet high. 

As we go south of Monterey the pre- Cretaceous series gradu- 
ally sinks, and the middle Tertiary becomes more and more 
prominently developed, until in the region just described, it forms 
the whole of the exposed portion of the mountains between the 
San Joacjuin valley and the ocean. 

The other prominent mountains of southern California included 
by Prof. Whitney in the Coast range system are the Santa Monica 
and the Santa Ana. The Santa Monica belongs to the east and 
west system of ranges, and has been classed by the earlier geolo- 
gists who have studied it as Tertiary. The range was examined 
in a number of places with very different results. Miocene sand- 
stones appear in the hills along Santa Monica canon for two miles 
when they are replaced by black slates. Both these formations 
dip south at a small angle but no contact could be found. Farther 
up the canon the slates are replaced by dark argillitic sandstones. 
They become more metamorphosed near the summit where there 
is incipient crystallization In Coldwater canon the Metamorphic 
series appears for some distance, and is then replaced b}' dioritic 
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granite which has been intruded into it. South of the Encinos 
ranch on the northern slope of the Santa Monica range, is an in- 
teresting exposure of rocks. First there are Tertiary sandstones 
dipping north 25-40 degrees. Under those are the crushed and 
metamorphosed rocks of the older scries, with stratification 
hardly discernible. Just above the sandstones the older rocks 
are intruded by dioritic granite. There is no sign of the granitic 
rocks having been intruded into the Miocene, and there seems not 
the slightest doul)t but what the cr3'stalline and metamorphic 
rocks represent an older pre- Cretaceous formation. I have been 
able to verify none of Prof. Whitney's statements in regard to 
Tertiary or even Cretaceous granite in California. He says of the 
Santa Monica range that granite forms the axis, and that it has 
been intruded into Miocene sandstones which are much metamor- 
phosed and dip away on either hand.* The real Miocene has been 
confused with the underlying older series, and both classed to- 
gether as rocks of the same period. Prof. Jules Marcou also 
hehl the opinion that no rocks older than the Tertiary existed in 
the Santa Monica range, t The mistake heretofore made is due 
to a confounding]; of the Tertiary with the underlying pre-Cre- 
taceous series. In those portions of the report on the Pacific 
railroad survey, and of the general geology of (California, Vol. i, 
devoted to the coast region, this mistake is constantly made. 

The Santa xVna mountains are a spur of the Peninsula range of 
San Diego county. The sedimentary rocks are often but slightly 
metamorphosed, and fossils of probable Carl)oniferous age were 
found in three different places. One fossil bearing stratum was 
discovered within less than a mile of the granite of Santiago peak. 
It was very highly metamorphosed, being apparently a micaceous 
felsite. The other fossils were in a dark gray limestone onl}' 
slightly altered. In portions of the range the quartzose rocks 
are filled with a network of small quartz veins very closely re- 
sembling the characteristic phenomena of the Coast ranges farther 
north. The fossil bearing rocks have been intruded by granite 
which forms an integral part of the Peninsula range. 

A glance at a topographical map of California shows two main 
chains of mountains. One extending near the coast the whole 
length of the state; the other and more rugged one, branching otf 

*(T(M)l()gicnl Survey of Cal., Vol. i, p. 121. 

t(Teograpliical Surveys West of the HK) Meridian, 1876. p. Vcl. 
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from the Coast system in Shasta county, also extends parallel to 
the coast but at a distance of two hundred miles from it. In the 
course of six hundred miles this range gradually approaches the 
Coast system in the form of an immense arc, and finally unites 
with it in northern Ventura count}'. This union is so intimate at 
both ends that no one can say where the one terminates and the 
other begins. From northern California to the point where the 
ranges approach each other on the south, the compression, pro- 
ducing the folding and crushing and which gave rise to the moun- 
tain axes, acted in quite a uniform direction, northeast and south- 
west, forming the two approximately parallel systems. South of 
a line running east and west through the southern end of the San 
Joaquin valley, the compression has been from a different direc- 
tion, that is from the north and south; producing an east and 
west system, of which the mountains in southern Santa Barbara, 
Ventura and Los Angeles counties, and the islands south of the 
Santa Barbara channel are examples. As another result of this 
north and south compression, the Sierra system was turned out 
of its normal course into one taking the form of the resultant of 
the two forces; consequently the nearer it approached the Coast 
system, the more it was deflected, assuming successively a south, 
southwest, west, and finally a northwest course; the actual exposed 
portion of the crystalline rocks terminating in the high peaks at 
the western end of the San Emedio range. The main mountain 
system extending frotn Frazer mountain south of the Mojave 
desert, including the Sierra Libre, the Sierra Madre or San 
Gabriel, and San Bernadino ranges, shows a union of the two 
forces, producing a fold having a direction a little south of east 
and north of west. Through San Diego county the normal south- 
east direction is shown in the regularity of the Peninsula range. 
The two forces acting simultaneously gave to southern California 
the irregular system of mountains which has been included by 
some in the Sierras and by others in the Coast system. The posi- 
tion assumed by the mountains formed by the union of the 
southern Sierras and the northwest prolongation of the Sierra 
Madre is very suggestive. They are inseparably connected with 
the Sierras, and yet seem an integral part of the Coast system. 
Thus we may conceive as having been formed at the same time 
with the final great upheaval of the Sierra system, and its accom- 
panying granitic rocks and intense metamorphisra, the Coast range 
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system, exhibiting fully as great metamorphism through the 
Peninsula, San Bernadino, and Sierra Madre ranges, but from 
the termination of the San Emedio range northwest through the 
coast region until Trinity county is reached a much less degree 
of metamorphism. In the coast region the sedimentary rocks are 
not crystalline save in the vicinity of the granite, which except 
in the main portion of the Santa Lucia, San Jose, and Gavilan 
ranges is not found in very large outcrops. This granite seems 
to have been squeezed up along axes of greatest disturbance and 
not to have exercised a pronounced regional metamorphism. 

Although the sea had free access through eastern Santa Bar- 
bara county to the San Joaquin valley during Tertiary times, there 
is evidently no structural break, simply a depression. In this 
depression are thick beds of sands and clays, hiding the north- 
west prolongation of the San Emedio range. After passing over 
the space now occupied by a line of Tertiary hills, there appears 
another granite ridge, the San Joae mountains. Northward there 
are other outcrops slightly projecting above the almost universal 
Tertiary, until the high and rugged Santa Lucia range is reached. 
The other prominent crystalline axis in the Coast range north of 
Ventura county is the Gavilan. Dr. Becker, one of the strongest 
supporters of the theory that the metamorphic rocks of the Coast 
ranges are Cretaceous, has admitted that if there are any forma- 
tions older than the Cretaceous in the Coast ranges, they are the 
limestone and gneissoid rocks of the Gavilan range.* It is the 
southern continuation of the granitoid rocks of this range by 
which the characteristic metamorphic series has been intruded. 
What can be admitted of the Gavilan range must also be true of 
similar rocks in the Santa Lucia. 

As far as I can learn but two specimens of fossils have been found 
in the metamorphic rocks of the central Coast ranges. One was an 
Inoceramus, presented to the old state survey by major Elliot who 
found it on Alcatraz island, San Francisco bay. Prof. Whitney 
says: *'But so crushed and broken are the strata thus revealed to 
view and so few and Indistinct the fossils which thej' contain, that 
it was a long time before their real age could be clearly made out, 
and it was not until after we had decided on stratigraphicai and 
lithological grounds that the so called *San Francisco sandstone' 
must be of Cretaceous age that the timely discover}' of a single 

*Geol. of the (^licksilver Deposits, p. 128 and 181. 
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shell, undoubtedly of this epoch, in the rocks of Alcatraz island, 
gave the additional desirable assurance of the correctness of our 
views. "* In another place he says of this fossil : * 'Presented to 
the survey by major George H. Elliot, U. S. Engioeers, by whom 
the first specimens were discovered. On subsequently visiting 
this locality I found numerous casts of this and of several other 
bivalves, the latter in too imperfect a condition to be recognized. 
The species is of unusual interest, being the first incontestable 
proof of the Cretaceous age of the long disputed San Francisco 
sandstone."! A close examination of the island has recently 
been made, but no traces of any molluscan remains have been 
found. The sandstone of the island is identical with that of the 
mainland both north and south which I hold to be pre-Cretaceous. 

The genus Inoceramus is not confined to the Cretaceous. J. S. 
Diller has recently found specimens of it in the Jurassic of Plumas 
county, t while in the Cretaceous of California I believe it is con- 
fined to the upper division, the Chico, not being known in the 
Shasta group. The specimen found on Alcatraz island was not in 
good condition, and I think it can safely be said that there is room 
for doubt concerning the correct determination of this fossil. 

The other fossil which has been made use of to determine the 
Cretaceous age of the Coast ranges is a supposed Aucella from 
the Santa Lucia range, a little east of San Luis Obispo. It was 
found by Mr. Turner while gathering material for the report on 
the quicksilver deposits of the Pacific coast? In ^'Correlation 
Papers," Cretaceous, Dr. White speaks of the most southerly 
known locality of the Aucella as near parallel 37 degrees 30 
minutes north latitude, || that is, in the Mariposa beds, thus ig- 
noring the specimen from San Luis Obispo, which may have 
been determined wrongly. As European authorities in particu- 
lar disagree as to the time range of the genus Aucella, whether 
it is characteristic of the Jurassic or Cretaceous, or of both, it 
does not seem to be the proper thing to classify a great series of 
rocks by it alone. There has existed much uncertainty with re- 
gard to the exact classificatien of the Aucella in California, and 

•Geol. of Cal., Vol. i, p. 77. 

t Palaeontology of Cal., Vol. ii. 

tBull. Geological 8oc. of America, Vol. iii, p. 405. 

^Geology of the Quicksilver Deposits, p. 381. 

IIBull. U. S. Geological Survey, No. 82. 
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many changes have lieen made. Jules Marcou has lately as- 
serted that the older genus Avicula has been confused with the 
Aucclla, and that the rocks in which it is found are not Creta- 
ceous Init much older.* 1 suppose he refers to the attempt to 
include in the Cretaceous the supposed Aucella bearing strata 
of the Mariposa beds which were classed by Gabb in the Jur- 
assic. Granting that the classification is perfectly correct, Dr. 
White acknowledges that the Aucella is not unequivocal in its 
signification and says: ''I do not think that any satisfactory 
evidence has yet been presented to show that the genus Aucella 
is exclusively confined to either the Jurassic or the Neocomian, 
and I know of no reason why we may not expect to find species 
of it in both Jurassic and Neocomian strata, "t Again speak- 
ing of the Mariposa beds on the Merced river, says: "The 
strata have an almost vertical dip, and they are plainly an in- 
tegral part of the givat Auriferous Shite series." — "The 
great Auriferous Slate series is an immensel}' thick one, and in 
northern California it is known to include strata of Carbonifer- 
ous age. "t 

There can be no question but what the genus Aucella is one 
of the most characteristic lower Cretaceous fossils in California, 
and it is fully proved that these unaltered beds rest unconform- 
able upon the Metamorphic or Auriferous series. Several ex- 
amples of this were cited in my former paper. It has also been 
fully proved by Mr. Diller and others that there is no important 
nonconformity between the lower and upper California Cretace- 
ous. Consequently the nonconformity shown where the Chico 
rests directlv on the Auriferous series in the Sierra Nevada, mav 
with certainty be referred to a pre-Cretaceous upheaval. 

The interesting discoveries of J. S. Diller in the Taylorville 
region have an important bearing on the question under discus- 
sion. He found there the most complete series of Jurassic beds 
yet known in the United States, lower, middle and upper Jura 
being represented. With regard to the separation between the 
upper Jura and the Cretaceous Mr. Diller says: "So far as yet 
known, on the fortieth parallel the rocks next younger than the 
Taylorville Jurassic are the Kuoxville beds of the earlier Cre- 



♦Geological Map of tlio United States. 

+Bull. U. S. Geological Survey, No. lo. page 26. 

tBnll U. S. (ieological Survey. No. 1, p. 25. 
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taceous. The}' are widel}' separated in space, and it is prob- 
able that there was between their periods of deposition a con- 
siderable lapse of time, in which the rocks of the Sierras were 
greatly deformed by compression and raised above the sea; con- 
sequently' the shore line of the Cretaceous sea scarcely reached 
the western base of the Sierra Nevada and laid down its deposits 
unconformabl}- upon the older rocks. '* 

T believe this upheaval was the most far reaching and import- 
ant one which can be recognized in the geology of the state. 
Consequently we have to accept one of two things, either the 
supposed Aucella in the metamorphic rocks and that in the un- 
altered Cretaceous are not identical, or the species is not char- 
acteristic of the Cretaceous and has survived the most intense 
convulsion known. In either case the evidence is uncertain 
and cannot set aside results founded on careful lithological and 
stratigraphical investigations. 

We can say with certainty, that whatevqr the range of time 
represented by the older rocks of the Coast system, their earliest 
upheaval was pre-Cretaecous, their final great uplift dating from 
post-Miocene times. That the southern Coast ranges were cov- 
ered by the sea during a part of Cretaceous and Tertiary time 
is no proof at all that the axes of these ranges did not exist 
ready formed and intruded by granite. 

Accepting the view that the granitic axes of the Coast moun- 
tains are of the same age as the main body of the granite of the 
Sierra Nevada, tho Sierra Madre, San Jacinto and Peninsula 
ranges, the intrusion occurred at the close of the Jurassic, pro- 
ducing the first foldings in the region now occupied by the ex- 
tensive Coast system. The time of the appearance of this initial 
fold is that from which we must date the age of the Coast 
ranges. Blake says, in speaking of the age of the Coast Range 
system: *'The age of an axial rock combines the idea of the first 
upheaval through the hardened crust, and to some extent the 
period of its appearance above water, though not necessarily 
the latter idea." t It does not seem to have occurred to Prof. 
Whitney or to the geologists of the Pacific Railroad survey, that 
the granitic axes of the ranges on which the Miocene, as a rule 
the lowest sedimentary deposit present, has been deposited, 

♦Bull. Geological Soc. of America, \'ol. 3. p. 383. 
+Pacific Railroad Survey, Vol. 7. p. iM. 
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must, if we accept the definition of granite as a deep seatedl 
rock, have been above water and have undergone very extensive* 
erosion through a protracted interval in order to have removed 
the great thickness of sedimentary strata lying above it. The 
interval is represented by the whole of the Cretaceous and the 
lowest portion of the Tertiary. The Miocene Tertiary, wherever 
the granites are exposed, rests directly on them with no inter- 
vening formations. The Chico-Tejon series is present on the- 
eastern slope of the mountains bordering the San Joaquin val- 
ley, showing plain!}' that the main portion of the system was- 
above water during the time of the deposit of the beds of that 
series. Whether great or small, the elevation certainly existed, 
being structurally connected with the Sierra Nevada at both ends. 
The following quotations are from the writings of the earlier 
investigators, and will serve to illustrate their views. Blake 
says: '*The age of the granites of the Sierra Nevada and the- 
Cordilleras in parallels 32-3 1 is anterior to the Eocene deposits 
and posterior to the later Palaeozoic; the age of the Coast ranges, 
is posterior to the Miocene." — '<All the observed sedimentary 
rocks were of the post Cretaceous period."* In another place 
it is stated, speaking of Los Angeles, Ventura and San Diego- 
counties, in which the Miocene has been so greatly elevated: 
**The Cordilleras, therefore, have been raised since the deposit 
of the Miocene beds of California, and are thus coeval with the 
Coast ranges, with the Sierras, Santa Ynez, San Raphael, and 
San Jose; indeed, perhaps the latter are the true continuation of 
the chain towards the northwdat. Both have the same direction, 
both have the same sedimentary beds flanking them, the nature- 
of the axial rock is similar, and the volcanic rocks erupted on 
its sides are similar; and, lastly, both are connected by an inter- 
vening mass of mountain, the San Emcdio region. — The sand- 
stones described as peculiar to the eastern slope stretch in and 
occupy the angle formed by the termination of the Sierra Nevada 
at the Canada de las Uvas and the San Emilio mountain, which 
lies fifteen miles west; — the sandstones dip away from the gran- 
itoid rocks of the Cordilleras, and so on toward the Cajon pass, 
while they run directly up to and lie unconformably upon the 
Tejon granites. It would thus appear that this sandstone was 
deposited originally upon both ranges, the Nevada and the Cordil- 

*Pacific Railroad Report, Vol. 7, pp. 24-25. 
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leras, but since the deposition the former was not raised, while 
the latter was Should this observation prove correct, it follows 
that the Cordilleras are of a later age than the Sierra Nevadas ; 
a view which I think the correct one, though opposite to the one 
taken by Mr. Marcou. Nothing appears easier to trace than the 
relations of connection and continuity between the middle of 
the Coast ranges (San Jose and point Pinos) and San Emilio, 
and between San Emilio and the Cordilleras, a fact now for the 
first time stated and brought to light b}* the exploration of this 
survey, by which there has been traced a continuous granitic 
chain from point Pinos, at Monterey bay, to the northwestern 
edge of the Cajon pass, terminating at the Kikal Mungo moun- 
tain/'* He speaks of the sandstone being deposited on both 
ranges and then that one range dates from the post-Miocene 
upheaval, evidently a contradiction. 

Jules Marcou, the eminent French geologist, who spent some 
time in southern California as geologist of the Pacific railroad 
survey, and later with Wheeler's survey, sums up his opinion 
with regard to the mountains of a portion of southern California 
as follows : 

I. ' *Sierra Madre, of the Primordial epoch, anterior to the 
Silurian. 

II. Coast Range, of the close of the Eocene. 

III. Sierras of San Fernando and Santa Monica, of the close 
of the Pliocene." He says farther that nearly all the ranges of 
southern California belong to the Primitive formation, and con- 
siders the Sierra Madre as simply a continuation of the Sierra 
Nevada.! His reasons for classifying the Coast ranges as Terti- 
ary are the same as those of Prof. Blake. 

Prof. Whitney in discussing the relation of the Sierras to the 
Coast ranges says : * * As we skirt the base of the Sierra, how- 
ever, in the region where this chain turns to the west, toward 
Fort Tejon, we pass at once from undisturbed Tertiary to strata 
of the same age which are elevated at a high angle, and, in so 
doing, we leave the system of the Sierra and pass over to that of 
the Coast ranges. This change takes place about midway be- 
tween the Cajon pass and the Canada de las Uvas ; hut no break 
in the mountain ranges indicates this transition. The great lines 

•Pacific Railroad Survey, Vol. 7, p. 90. 

t Geographical Surveys. Wheeler, 1876, page 172. 
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of disturbance are so closely connected with each other in direc- 
tion, and they have been so affected in this vicinity b}' the ex- 
istence of secondary ones, that the topography of the country 
does not reveal the geological facts, which not the less do really 

exist. 

''Stirting from a point a little to the east of the Canada de las 

Uvas, and drawing a line which shall leave on the west all the 
mountains elevated since the deposition of the Cretaceous, and 
on the east those which have not been disturbed since that epoch, 
we find that, according to our present state of knowledge, this 
line will pass to the east of the San Gabriel range, through the 
Tejon pass, to the east of the Temescal range and on the south 
of the Santa Ana, striking the ocean in the vicinity of San Luis 
Ray, which is the most southerly point to which the Coast range 
system has been traced. The masses of San Bernadino and San 
Jacinto are included in the Sierra Nevada, which runs south and 
occupies the peninsula of lower California, the Coast range sys- 
tem not having an existence in that region.'' * 

To Blake is due then the credit of having first announced the in- 
timate relation existing between the Coast system and the Sierras, 
but it is evident that he is wrong in the conclusion reached with 
regard to the relative ages of the two. 

In discussing Prof. Whitney's statements I wish to show how 
artificial is his line separating the two systems of ranges. In the 
first place the change from undisturbed to steeply inclined Ter- 
tiary beds near Fort Tejon, indicates simply the- point to which 
the effects of an important uplift of the Coast ranges in post 
Miocene times extended. This uplift was not felt to any extent 
in the Sierra Neyadas, and the fact remains as indisputable that 
the granites and crystalline schists of the Sierras extend un- 
broken through the Tehachapai and San Emidio ranges. The 
granites and schists of the San Gabriel range also extend un- 
broken through the Cajon pass to the San Bernadino range, and 
this is separated from the San Jacinto by the San Gorgonio pass, 
which I believe represent no structural separation. The granites 
and metamorphic rocks of the Santa Ana mountains I have also 
demonstrated to be continuous with those of the Peninsula 
range. 

It seems to me that the geologists who have studied this sec- 

* Geology of Gal., Vol. i, page 167. 
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tion have failed to note the structural relations existing. The 
complicated topograph}^ does not indicate such difficult geological 
problems. Two forces acting at an angle with each other in this 
region are amply sufficient to account for the irregularity exhib- 
ited. 

Verj' interesting questions remain to be solved with regard to 
the granitic rocks of southern California. Do the}'' all date from 
the pre- Cretaceous upheaval or are there older formations ? The 
presence of Archaean granite in the canon of the Colorado is 
ampl}' proved, but the relation of the crystalline rocks of eastern 
California to this primitive formation is not known. It may be 
well to emphasize the fact that the granitic rocks of the Santa 
Ana range, which are inseparable geologically from the whole 
Peninsula range, do not underlie the Carboniferous limestone and 
shales, nor have they been brought to light by simple uplifting or 
faulting, in which case they would be older, but are present 
solely as far as my observations have gone, as intrusions squeezed 
into the sedimentary rocks in a molten condition at the time of 
the formation of the mountain system. I can find no phenomena 
in any portion of the Coast ranges to support the view that the 
granite simply underlies the pre- Cretaceous series, but it seems 
alwa3's to have been the agent of upheaval and metamorph- 
ism. 

Dr. Becker in his monograph on the quicksilver deposits, says: 
* ' At the Comstock and at Steaml)oat Springs, as well as on the 
eastern slope of the J^ierra, granite immediately underlieg strata 
at least as old as the Mesozoic. In the Coast ranges, also, 
Xeocomian beds rest upon it. No distinctly intrusive granite of 
Mesozoic or Tertiary age has been recognized in the present in- 
vestigation. That such exists, as asserted by Prof. Whitney, I 
by no means deny; but there is at least some ground for suppos- 
ing that the main part of the rock is Archaean." * 

In another publication speaking of some Triassic beds inclosed 
in the granite of the high Sierras, Dr. Becker says : * ' The main 
mass of the granite of the Sierra is earlier than the Aucella beds 
and in part at least later than these Triassic beds." t 

My work has led me over a great part of the Coast ranges 
from San Diego to Siskiyou counties, and along much of the 

* Geology of the Quicksilver Deposits, page 141. 
t Bull. Geological 8oc. of America, Vol. 2, *»ge 208. 
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western slope of the Sierra Nevadas, and I have not yet seen any 
granite which I believe could be correctly termed Archaean. It 
seems to have been squeezed into rocks varying in age from 
the Jurassic to Palaeozoic inclusive. The time of intrusion ex- 
cept in some minor instances seems to have been as before stated, 
at the close of the Jurassic. It is possible that there are areas 
of older granites in eastern California, but I do not know that 
the presence of any extensive formation has been positively 
recognized. 

The Metamorphic series in the Coast ranges contains a great 
variet}' of intrusives of all ages, from the late Tertiary lavas to 
the most ancient and highly altered ones whose original charac- 
ter has often been completely lost, and a part of which probablf 
antedate the great upheaval. 

As great as is the time gap between the periods of sedimenta- 
tion represented by the pre-Cretaceous series and the Miocene 
which rests upon it, yet in places they are with difficulty distin- 
guished from each other. Particularly is this so in San Luis 
Obispo county. The older series however everywhere show the 
effects of intense crushing. 

A vast amount of detail yet remains to be worked out in the 
Coast range geology, but I believe the facts already known war- 
rant us in assuming as a basis of future work that the axes of 
the Coast range are structurally closely related to the Sierras, and 
were first raised during the post- Jurassic upheaval, which at 
least if it did not originate the Sierra axis gave it its present 
magnitude and approximate elevation. It thus appears that dur- 
ing Paleozoic and early Mesozoic times the region occupied by 
these two important ranges was beneath the sea, receiving sedi- 
ments probably from an eastern continental area, and save for 
disturbances which thus far have been recognized only locally, 
the sedimentation was continuous; and that if as old formations 
are not in the future recognized in the Coast ranges as have 
already been found in the Sierras, it is because of the less vio- 
lence of the post- Jurassic upheaval in the former region, and the 
consecjuent non exposure of the deeper seated sedimentary 
strata. 
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LAKE FILLING IN THE ADIRONDACK REGION. 

By C. H. Smtth, Jr., Clinton, N. Y. 

Of the phenomena attendant upon the circulation of meteoric 
waters, none is more familiar to geologists than the obliteration 
of lakes by the deposition of sediment and the cutting down of 
outlets. While both actions go on simultaneously, in any specific 
case the one or the other may be the dominant factor. But, in 
either event, the destruction of the lake is the final result; and 
thus it is that lakes are taken as indicating an incomplete drainage 
system, and, to a certain extent, a new topography. 

Such a perfect example of lake filling ir* furnished by the lakes 
and natural meadows of the Adirondack region, that these seem to 
merit more attention than they have hitherto received. In their 
economic aspect the natural meadows, or vlies, have been consid- 
ered by Emmons,* but as an instance of lake filling the}^ seem to 
have been neglected. 

It is not the mere presetice of these vlies that makes the 
region most interesting in this connection, but the fact that there 
is a complete gradation from lakes having almost their original 
extent and outlines, to those which have been entirely filled, 
forming vlies. 

This series is well exhibited in the region about the head 
waters of the West Canada creek,, the largest southward flowing 
stream on the west side of the Adirondacks. The two main 
branches of the creek have their origin in the lakes of Hamilton 
county ; and, flowing in a southwesterly course, some six or eight 
miles apart, unite at Noblesboro, Herkimer county, forming a 
considerable stream which empties into the Mohawk, at Herki- 
mer, These two branches of the creek are separated by an eleva- 
tion of land, from seven to twelve hundred feet above the bot- 
toms of the adjacent valleys and between two and three thousand 
feet alx)ve sea level, t This elevated area is made up of irregular 
ridges of gray and red gneiss, having a general northeast trend 
corresponding with the strike of the rocks. Small lakes, ranging 
from a few rods to three or four miles in greatest diameter, 
occupy many of the depressions between these ridges. 

* Creol. of N. Y., II. p. 417. 

f All elevations given in this paper are derived from a limited 
number of aneroid measurements based upon a railroad level thirty 
miles away, and must, therefore, be considered as only approximate. 
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The origin of the lakes is perfectly apparent: they are the re- 
sult of the damming up of old lines of drainage by glacial detritus. 
The amount of material deposited by the ice sheet is very small 
as compared with the heavy masses found in other parts of the 
state, in this elevated region the soil being always thin or entirely 
wanting. However, the topography, high, steep ridges separated 
by narrow valleys, is such that a comparatively small amount of 
drift has been enough to materially interfere with the drainage, 
and thus form the lakes. As a matter of fact, the lakes are the 
best indication of glacial action to be seen in this region ; for the 
character of the rocks is such that they have not preserved 
scorings, transported boulders cannot be distinguished from the 
countr}' rock, and sections of glacial deposits are very few. The 
only clear indication of ice invasion, besides the lakes, is the 
common occurence of roches moutonnees. 

Wilmurt lake, five miles northwest of Morehouse ville, Hamilton 
county, furnishes an instance where the filling has but slightly 
changed the original outlines. It is about one and one-half 
miles long and one-fourth as wide, with gently sloping shores of 
sandy till covered with soft, spongy forest soil. That these 
chores are original and in no degree the result of deposition from 
the lake at a higher level, is perfectly clear from their contour 
and from the character of the materials composing them. A few 
rods back from the lake the east and west banks become steep; 
particularly the former, where there is a considerable cliff, and 
an elevation of four to five hundred feet above the lake within 
half a mile. The north and south banks, on the other hand, are 
rather flat; the former rising a little and then dropping rapidly; 
while through the latter is afforded an easy outlet for the waters 
of the lake. The preglacial valley in which the lake lies is thus 
clearly defined ; and it is evident that the water of the lake is 
derived from a very limited area. The visible inlets are but four 
in number, all very small, most of the water reaching the lake by 
soaking through the. spong}' soil. From this fact it follows that 
very little sediment is brought in; hence the slight change of 
outline, which is limited to the shores adjacent to the mouths of 
the inlets. Of course, sediment is distributed to a greater or less 
extent over the whole lake bottom, but this does not affect the 
surface outline. A large flat island near the western shore, 
appears, at first glance, to be a result of sedimentation ; but closer 
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Inspection shows that it is chiefl}' composed of glacial material, 
its original extent having been somewhat increased by the growth 
and decay of marsh plants. 

One mile and a half northeast of Wilmurt, lies Big Rock lake ; 
about equal to Wilmurt in size, but much more irregular in out- 
line, the rocky shore being indented by several small ba3's. The 
erosion valley occupied by the main body of the lake extends 
nearly east and west, while a large arm or bay swings off in a 
northerly direction. This bay differs from the main body of the 
lake in that its shores are .very steep, almost vertical, running 
down into thirty or forty feet of water. Five rods west of the 
shore is a vertical cliff of brown gneiss, and still farther west a 
deep ravine with vertical walls and no flowing water through it. 
The valley occupied by the northern arm of the lake is extended 
a mile or more by a similar ravine. The whole topography sug- 
gests that this portion of the lake basin is not the result of ero- 
sion alone, but owes its existence in part to orographic move^ 
ments. 

Big Rock lake lies one hundred and fifty feet lower than Wil- 
murt; and receives the drainage of a larger territority. Several 
streams flow into it bringing with them a considerable amount of 
sediment, which has had a marked effect upon the outline of the 
lake. This is most noticeable on the southern side, where the 
two largest and swiftest streams empty. One of these has fllled 
a shallow bay and built out a little into the lake. The other has 
almost wholly fllled a long narrow bay, whose original shores are 
sharply defined. The area formerly covered by water is now a 
level, marshy meadow; its surface about a foot above the ordi- 
nary level of the lake, and covered with a heavy growth of 
grass and a few small balsams and tamaracks. Through this 
meadow the stream that has built it flows slowly, in a sinuous 
course. 

At Wilmurt, in the shoaling of the water about the mouths of 
streams, with the attendant growth of water and marsh plants, 
is illustrated the very earliest stage in the developement of a vly; 
in this Big Rock Meadow is shown completed a portion of a vly 
which will ultimately occupy the place of the whole lake, unless 
there shall be some disturbance of the forces now acting. 

The next stage in the series is shown in Little Rock and Snag 
lakes, the former two miles west of Big Rock, the latter one mile 
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north of Wilmurt. Both lakes are very small, measured by rods, 
rather than miles; and lie in sharply defined basins, enclosed by 
high hills. Both are partially surrounded by strips of meadow 
of varying width, through which the inlets flow in winding 
courses. As at Big Rock, the meadows lie a little above the 
ordinary water level ; and their origin is equally clear. But here the 
process has gone farther, resulting in a reduction in the size of 
the lakes amounting to one-quarter or one-third of their original 
area. 

Further illustrations of the process are afforded in a large num- 
ber of nameless lakes lying from two to ten miles north and west 
of Big Rock in a region unmapped and without trails. Here are 
lakes wholly, instead of partially, surrounded by meadow. In 
some cases the width of meadow is small as compared with the 
area of the lake; in other cases, very large. In the latter event, 
the lakes are sometimes so shallow that water lilies cover the 
entire surface. Of lakes in this stage there are many examples. 
Tracing the process still farther, instances are found where the 
meadow has grown at the expense of the lake till the latter is re- 
duced to a tiny pond ; and finally, when this has been filled, there 
is left a level meadow, through which flows a winding, sluggish 
stream. 

These meadows or vlies, of course, vary as greatly in size and 
shape as do the lakes from which they are derived. A large one 
lies less than a mile east of Wilmurt lake nearly equaling the 
latter in size. It is covered with tall grass and around the edges 
a few trees are scattered. A small stream, in its upper part, 
consisting of two branches, winds through the vly and runs into 
Big Rock lake, a mile distant. After heavy rains the stream 
floods the entire vly to the depth of a foot or more, spreading 
over it a greater or less amount of sediment. In every respect, 
except its completeness, this vly, which may be taken as a type 
of the class, is identical with the small meadows at the mouths of 
inlets of the various lakes. It is clearly the last stage in the 
process by which these meadows are now growing. Other vlies 
contain islands, rising above the general level, and covered 
with a forest growth, precisely like the islands in existing 
lakes. 

While there can be no doubt that the deposition of sediment is 
the chief factor in the conversion of lakes into vlies, the growth 
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and decay of vegetation should not be overlooked. As soon as 
the water becomes sufficiently shallow, water lillles spring up, 
and after these rushes and other water plants, all of which con- 
tribute something toward land making. As shoal water is replaced 
by land, the mosses develope in abundance and become an im- 
portant factor in raising the surface; while at the same time sedi- 
mentation becomes of less moment, being limited to periods of 
high water. Sometimes considemblc portions of a vly are 
covered with this wet, spongy moss. The partially decayed moss, 
together with sediment deposited by floods, gradually raises the 
surface till it becomes sufficiently dry and firm to support 
grass and, finally, trees, of which tamarack is always most 
abundant. 

The conditions prevailing during the formation of a vly are 
sometimes favorable for the production of peat; and that it has 
formed has often been proved, as stated by Emmons.* In the 
particular region under consideration, it has never, to the writers 
knowledge, been sought for. As peat results from the accumu- 
lation of decomposing vegetable material, its formation would be 
confined chiefly to the later stages of vly building when sedi- 
mentation is of minor importance. 

A striking feature brought out by the examination of these 
lakes is the great difference in the rate of flUing in different cases. 
The time during which the process has been going on is the same 
for all, and yet the effect produced varies greatly. The expla- 
nation is self evident; the rate of filling depends upon several 
conditions, the most important being the number, size and cur- 
rent of inlets, and the character of the surface over which 
they flow. The effect produced upon a lake's outline by a given 
amount of sediment depends upon the area and the depth of 
water. As there is the utmost variation in these conditions, 
there is a correspohding variation in the results attained in a 
given time. Thus, a lake which, like Wilmurt, receives most of 
its water by soakage through the soil; shows very little effect of 
filling; while the lakes that are fed by swift streams always show 
some surface change, even when deep and of considerable size. 
An apparent exception to this rule is shown in Metcalf lake, 
about two miles long, reached by a trail of a mile and a half from 
Big Rock. This lake is fed at its upper end by a considerable 

* Geol. of N. Y., II, p. 417. 
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stream and yet shows very little filling. The reason for this 
becomes apparent on following up the inlet for a few rods. 
The stream is found to flow out of a small lake, which serves as 
a catch basin for the sediment brought from above, and is, in 
consequence, very near the vly stage. 

The foregoing facts clearly indicate that the obliteration of 
lakes in the region described has resulted from sedimentation, 
rather than from a cutting down of the outlets. Professor Cham- 
berlin applies the latter explanation to certain swamps and peat 
bogs of Wisconsin ;* but the cases do not seem to be quite par- 
allel. 

While in some of the Adirondack lakes both causes may have 
worked together, there is no evidence that such has been the 
case. A great objection to such a supposition is, that in no 
instance that has come under the writer's observation is there 
any evidence that the lakes ever stood for any length of time at 
a higher level. Had they done so, there would have been formed 
the same marginal meadows that are forming to-day, and some 
traces of- these meadows ought, surely, to exist as terraces at the 
present time. But of such there is no indication. 

In some instances it is demonstrable that the lake never stood 
at any considerable elevation above its present level. Wilmurt 
lake is, perhaps, the best example. Some years ago the outlet 
was obstructed by a dam two feet high, with the result that an 
entirely new outlet was formed. Clearly, the lake never stood 
more than two feet above its present level, for had it done so, 
the barrier across the old outlet must have been higher than the 
artificial dam and the water would have flowed through the pres- 
ent outlet. It may be argued that these facts favor the idea that 
vlies are due to a cutting down of the outlet, for here, where it is 
proved that there has been no such cutting, there has been but 
small urogress made towards a vly. But sufficient reason for 
this has been already given, in stating that very little water 
reaches the lake through streams. Furthermore, the effect of 
deposition has been somewhat, though slightly, obscured b}' the 
recent raising of the water level. 

Hamilton College. Clinton, N. Y., October, 1892. 

» Geo), of Wis., Vol. II, p. 240. 



91 
THE MAGNESIAN SERIES OF THE OZARK UPLIFT. 

Frank L. Nasun, Geological Survey of Mlesourl, Jeiferson City, Mo. 

DuriDg the writer's study of the iron ores of Missouri, the 
question as to the position of the iron ores relative to the Magne- 
sian or Ozark series became one of prime importance. Dr. A. 
Schmidt, in his report on the iron ores (Geological Survey of 
Missouri, 1872), definitely refers to the specular ores in the '*Sec- 
ond Sandstone," and to the limonites generally on the <^Third 
Magnesian. " The same views were retained in the report of Prof. 
Broadhead in 1873. In the earlier surveys whenever mention is 
made of the specular iron ores of the above series of rocks, they 
are also placed in the ^^Second Sandstone.'' 

Without going into the minute history of the origin of the terms 
**First, Second and Third Magnesian limestone," **Fir8t, Second 
and Third sandstone," etc., it will be sufficient. for the present to 
state that the position of the specular ores was found to be in 
cave-like excavations in the so-called Third Magnesian limestone 
and under instead of in the so-called second sandstone. 

The next point to be settled, as far as possible, was to deter- 
mine the source of these extensive and numerous deposits. Their 
existence in eaves showed conclusivelv that the iron was of sec- 
ondary origin, probably derived from the leaching of superincum- 
bent rocks. The leached rocks, according to the earlier geologists, 
must have been, Second Magnesian limestone ; First sandstone and 
First magnesian limestone. Farther, if the Lower Carboniferous 
and Coal Measures rocks extended over the < 'Ozark uplift," these 
also would contribute their quota of iron to the specular deposits. 

With the view of settling the point as to the existence of even 
traces of the Lower Carboniferous rocks, and also of determining the 
approximate thickness of the First sandstone, it was determined to 
study a section across the entire Ozark uplift from north to south. 
As has been explained very carefully by Pumpelly and by Broad- 
head, the Ozark mountains are really no mountains at all. There 
is a great anti-clinal fold running southwest from St. Louis. The 
drainage from this great area which Prof. Broadhead has very 
happily called the Ozark uplift^ has resulted in the formation of 
great streams. These streams, flowing to the great drainage val- 
leys of the Missouri and of the Mississippi rivers, have, near 
their mouths, cut deeply into the strata of rocks which form the 
uplift. On this account it was inferred that by following two or 
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more of these streams down the opposite slopes of the Ozarks, a 
section, showing the succession of sandstone and limestone, would 
be found. 

Accordingly a boat trip down the Big Piney from Cabool, near 
the highest point of the Ozarks, to where the Big Piney empties 
into the Gasconade and thence down this last river to the Missouri, 
was made. For the section down the southern slope of the 
Ozarks, current was followed from Riverside, in Shannon county, 
to Doniphan, in Ripley county, and near the Arkansas and Mis- 
souri line. 

In the vicinity of Cedar gap, thirty miles west of Cabool, on the 
K. C. M. & B. R. R., the younger rocks. Lower Carboniferous, 
are found in contact with a Magnesian limestone. From Cedar 
gap to CAbool there is a succession of limestone and sandstone 
outcrops. The limestone for the most part appearing on the 
higher ridges, the sandstones in the depressions. No detailed 
work was dune here, only observations made from freight trains 
which stopped at every station for several minutes. The higher 
hills appear to be covered with a shaly limestone which doubtless 
belongs to the younger formation. 

The above observations are valuable only as they seem to sup- 
plement the fact that Lower Carboniferous fossils in chert were 
ft-equently found on the higher bluffs down both the northern and 
the southern slopes of the uplift. It is thus probable that the 
Lower Carboniferous once extended over the entire Ozark uplift. 
In the- vicinity of Cabool limestone of the Magnesian series cov- 
eted nearly the entire rock outcrop. Near the Big Piney, how- 
ever, and in the drainage basins leading into it, sandstone, 
ripple-marked, in places saccharoidal, in others flint}', is a com- 
mon rock. 

In the Big Piney itself, about eight miles from Cabool, flinty, 
ripple- marked sandstone appears covered by heavy beds of clay. 
These clays farther down become interstratified with argillaceous 
and cherty limestones, and these, where the river cuts deepen, by 
beds of limestone lying on top of the sandstone. 

Farther down the stream heavy beds of sandstone appear cap- 
ping the higher bluffs which often rise precipitously from one 
hundred to five hundred feet. In, or rather <>w,many of the bluffs 
no sandstone appeared near the river, but following the rise back 
from the river a distance of from one-half of a mile to a Xnile, 
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heavy beds of sandstone were usually found. That is, the sand- 
stone found at the river level near Cabool was getting higher and 
higher above it. 

Another fact worthy of note is that the sandstones are often 
lenticular. A thick bed of sandstone would occasionall)' show a 
thin seam of limestone. In a succeeding bluff the limestone 
would increase to the point of reducing the sandstone to a thin 
seam, and the next bluff would show the sandstone at its normal 
thickness again. Two or three layers of this sandstone and lime- 
stone occasionally appear. But without this thickening and thin- 
ning in lenses, one fact is very readily apparent, the sandstones 
never lose their own but are growing higher and higher in alti- 
tude as the river reaches its lower level; and, as the country is 
cut deeper and more numerously by adjacent as well as tributary 
streams, the sandstones form, often broken^ caps on the limestone 
of the divides. In spite of the fact that occasional lenses of sand- 
stone or gritty layers are formed in the limestone, the limestones, 
as the sandstones retreat above and from the river to the highest 
points of the divides, are growing purer, more heavily bedded, 
and thicker toward the Missouri river. 

When the Missouri river is reached we find that the sandstone 
with which we started at Cabool has been persistent, and the only 
persistent bed of sandstone, and that from being the surface rock 
continuously bedded at the river level at Cabool, it now caps the 
bluffs which rise sheer from the Missouri river, east of Gasconade 
City, to the height of over three hundred feet. Without going 
into detail, it may be pointed out that the section down Current 
river shows the same phases which have been pointed out above. 
The highest hills on this river are about six hundred feet above 
the river and they are practically solid limestone from the river to 
the more or less broken cap of sandstone which usually is found on 
the summits of the hills. Conclusive as such sections are, with 
respect to establishing the continuity of a given bed, there are often 
concurrent facts which almost, if not entirely, remove all doubts. 

In the Ozark series fossils have rarely been found. Casts in 
loose chert, which has evidently come from the decomposing 
Magnesian limestones, are frequently met with, but this chert has 
rarely been found in ait a. During the excursion down the rivers 
search was made for fossil localities which might serve as a means 
of identifying widely separated rock strata. This search was re- 
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warded with success far beyond the writer's expectations. Soon 
after beginning the river section on the Big Piney, a fossil stratam 
was found lying between the limestone below and the sandstone 
above. This stratum with fossils was found in every bluff from 
Oabool to Gasconade City, and from Riverside to Doniphan. 
Numerous specimens were collected and are now in the survey 
collections at Jefferson Citv. 

At the writer's request Prof. R. R. Rowley visited several of the 
noticed localities. He writes that the stratum was easily found 
from the writer's description and could easily be recognized at 
widely separated localities. 

In addition to the above localities, the writer has found fossils 
of a similar nature in situ at Cherry Valley Iron bank. In 
widely separated areas throughout the entire extent of the Ozarks 
the writer has found fossils in chert similar to the ones found in 
the river sections. In everj' case they were found in chert below 
outcrops of sandstone, never above. These fossils have been 
found in areas which have been "described as * 'First sandstone." 
Summing up the results of the study of the above sections, the 
writer arrives at the following conclusions: 

Firxt. — That the bed of sandstone in which are located the de- 
posits of specular iron ore in Crawford, Dent, Phelps, Pulaski, 
Texas, and other counties are continuous and are synchronous with 
the beds of sandstone followed down the northern and southern 
slopes of the Ozarks. Second: that this is the only bed of sand- 
stone of any importance, exposed within the region. Third; that 
the terms * 'First," ''Second" and "Third" sandstone are not 
based on sufficient evidence to warrant their retention. In fact 
that these terms have been applied to the same bed in different 
parts of the Ozark mountains. 

In view of the above facts, the writer proposes that in place of 
the above terms the name Roubidoux be applied to the bed of 
sandstone above described; and that to the heavy beds of lime- 
stone occurring imder the above sandstone be applied the name 
Gasconade. These terms being taken from the streams along 
which these rocks typically occur. 

If any one cares to become acquainted with the detailed reasons 
for the above conclusions, he will find them, together with careful 
sections in the forthcoming report on the "Iron Ores of Mis- 
souri," published by the Missouri Geological Survey. 
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SECOND SUPPLEMENT TO "MAPOTECA GEOLO- 
GICA AMERICANA," 1762-1881. 

By JuLKS Mabcoit, Cambridge, Mas». 

The number between bracketa showa the correct poaltion of the map or addition in the 
general catalogae, BulUHn United Staff* Oeological Survey^ No. 7, Waahington, 
1884. 

NoTA BANK.— This second supplement list, with some remarks on maps already quoted 
in the ** Mapoteca,^* has been prepared with the help of Messrs. E. A. ymith, A. W. 
Vogdes, Oustav Steinmann, A. del Castillo, H.W.Clarke, S. H. Scudder, and J. B. 
Marcou. I have been unable to get the fall title and dates of two geological maps ; one 
bj Mr. Kothwell, of the northern anthracite basin, and the other by Mr. C. R. Boyd, of 
Southwest Virginia, which have been kindly pointed ont to me. 

I. — America in general ^comprising both North and South America. 

[1.] 

Addition. — The *' Carte geologique du globe terrestre," by A. 
Boue, was presented 22d September, 1848, at the meeting of the 
German naturalists at Gratz ; and at the Geological Society of 
France, the 5th of February, 1844 {Bulletin Soc. Geol, 2d 
series, tome, i, p. 266.) An explanation under the title: <<M^- 
moire a Tappui d'un essai de Carte geologique du globe terrestre, 
-etc.," was published in the same volume of the Bulletin Soc. 
Geol, at pp. 296-371. 

The map printed and colored mechanically, by Le Blanc, captain of 
Engineers, French army, was issued the 15th of February, 1845. But 
owing to some defects, the distribution was stopped soon after — only 
twenty copies having been sold — and the whole edition was not issued 
truly until the spring of 1846. 

II. — North America in general^ etc. 

[25.] 
Addition. — The first map of William Maclure of 1809 is with- 
out his name, which was carelessly omitted ; and as a conse- 
'qaence it is sometimes credited to Samuel G. Lewis, the drafts- 
man. 

925 [26 a.] 
1814. — De Beaujeu (Felix) le Chevalier. Map of the United 
States (Carte des Etats-Unis, dresse par P. Lapie.) 
Accompanying: ** Sketch of the United States of North 
America, at the commencement of the nineteenth century, 
from 1800 to 1810. " Translated from the French by William 
Walton, London, 1814. 
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Almost a copy of Maclure's Geological map of 1809, with some ad- 
ditions for Texas and Canada, and a few alterations. The principal 
difference being that the colors are placed only in contour forms, not 
as *' teinte plate." The description of the map is called " Surface of 
the Land," from p. 41 to p. 52. 

. [31.] 

Addition. — The place of publication is Boston, Massachusetts. 
The map is accompanied by an explanatory text entitled: **A 
concise description of the geological formations and mineral 
localities of the western states designed as a key to the geologi- 
cal map of the same, by Byrem Lawrence,' Boston, 1843, pp. 
48. 

926 [59 a.] 

1866. — Logan (Sir W. E.), Geological map of Canada and the 
adjacent regions, including the other British provinces, and 
parts of the United States. Scales 25 miles to one inch ; in 
eight sheets. 

The preceding map No. 59, with exactly the same title and the 

same coloring, is a reduction in one small sheet of the great map in 

eight sheets. 

III. — Arctic America^ etc. 

927 [89 a.] 

1869. — Packard, Jr. (A. S.) Map of a portion of the coast of 
Labrador. 

Accompanying : ' ' Observations on the glacial phenomena of 
Labrador and Maine, etc.," in Memoirs, Boston Soc. Nat. 
Hist., vol. I, plate 8, p. 210, Boston, Oct., 1865, issued in 
1869. 

The map contains the coast oiily from the strait of Belle Isle to 
Davis inlet. Black etchings. 

VIIT. — JScir York aud Nexc Jersey. 
928 [241 a.] 
1844. — Emmons (E.) Agricultural and Geological map of the 
State of New York by legislative authority. Four sheets. 
Engraved and printed in New York, 1844. 
Accompanying: Agriculture of New York, vol. i, Albany, 
1846. 

It is the map spoken of at No. 239 of the Mapoteca Geoloyica Am^^ri- 
canUf p. 59, as '* stolen or destroyed by persons unknown." This most 
important map and the only exact one of the whole state of New 
Y'ork and a part of Massachusetts, by Dr. Ebenezer Emmons, con- 
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taining his great discovery of the Taconic system, well represented 
and colored, instead of being destroyed as Emmons thought, was only 
concealed in the cellars of the State House of New York, at Albany. 
It w^as not issued during the lifetime of Dr. Emmons ; but in 1877 
some mutilated copies were distributed by the State Librarian at 
Albany, as the real Geological map of the state of New York. 
Finally, in 1887, the map as dressed and colored by Emmons, with its 
full title, has at last come out from the cellars of the New York's 
Capitol. The suppression of the map during Emmons' life, and many 
years afterward, was due to the existence of the Taconic system, op- 
posed by certain person or persons bound together to its destruction, 
not only as a system, but even as to its existence below the Potsdam 
sandstone considered wrongly by them as the oldest or bottom strati- 
fied beds in America. 

928 [244 a.] 

1859. — Geddes (Geo.), assisted by H. W. Clarke and D. L. Sweet. 
Geological map of Onondaga county, X. Y. Scale about 
1.6 miles to one inch. 

Accompanying: ** Report upon the Geology, etc., of Onon- 
daga county;" published by the New York State Agricul- 
tural Society in its ** Transactions for 1859, Albany." 

930 [244 b.] 

1859. — French (?) .Geological map of New York. Small scale ; printed 
in the margin of French's map of New York. New York ? 1859. 

Black etching. 

IX. — Pennsylvania^ Delaware and Maryland. 

931 [274 a.] 

1837. — Rogers (H. D.) Map of Chester county. 

Accompanying: <' Flora Cestrica, etc.," in ''Plants .of Ches- 
ter county in the state of Pennsylvania," by William Dar- 
lington, West Chester, Penn., 1837. 

The name of the author is not inscribed on the map, but is indicated 
in the preface page vii. A second edition of that map appeared with 
the third edition of the "Flora Cestrica," by William Darlington, 
Philadelphia, 1853; but no reference is made of its authorship by 
Henry D. Rogers, although the same geological map as the one of 

1887. 

932 [285 a.] 

1864. — Sheaf cr (P. W.) Official coal, iron, railroad and canal 
map of Pennsylvania, etc., showing the relative position of the 
various anthracite and bituminous coal fields, etc. , by authorit}' 
of the legislature of Pennsylvania, Pottsville, Pa., 1864. 

Black etching. 
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XII. — Southern States. 

933 [541 a.] 

1835. — Conrad (T. A.). Geological map of Alabama. 

Accompanying: ** Fossil shells of the Tertiary formations- 
of North America," vol. i, No. 3. Title of No. 3: ** Eocene 
fossils of Clairbome, with observations on this formation in 
the United States, and a Geological map of Alabama." 
Republished with plates (four plates), March 1,1835, Philadelphia. 

This map, like the first geological map of Machire, described under 
No. 25, is without the name of its author, and may be attributed to 
the draftsman, H. 8. Tanner, the compiler and publisher of the geo- 
graphical map on which Conrad put his geological classification and 
colors. 

Less than half a dozen of No. 3 Conrad's " Fossil shells of the Ter- 
tiary, etc.," are in existence. Owing to a foot note at page 36, someone 
interested in the notes purchased the whole edition and suppressed 
it. Two reprints, one without the foot note and without the geologi- 
cal map, and a second one with the foot note and the map, has the 
same fate. No copies have ever reached Europe. Sir Charles Lyell^ 
during his first journey in America, in 1842, received from Conrad a 
copy of his Geological map of Alabama. {Travels in Xorth America 
in the years 1841-4^ ^ vol. ii, p. 204, New York and London, 1845.) 

XVllI. — Mexico. 

934 [801 a.] 

1803. — Humboldt (A. de) Esquisse geologique des environs de 
Guanajuato, fondee sur des mesures geodesiques et baro- 
metriques faites en aout et Septembre, 1803, Paris. 

935 [801 b.] 

1807. — Hfimboldt (A de) Carte geologique du Nevado de Anti- 
sana, esquisee sur les lienx, Paris. 

936 [801 c] 

1827. — Gerolt (F. de) and Berghes (C. de) Carta geognostica 
de los principales distritos minerales del Estado de Mexico, 
formada sobre observaciones astronomicas, barometricas 5' 
mineralogicas hechas por F. de Gerolt agenta y C. de 
Berghes. Mexico. 

937 [804 a.] 

1844. — ^Garay ( Jose de) A Geological map, accompany ing : **Re- 
conocimiento del istmo de Tehuantepec, practicado en los 
annos 1842 y 43 con el objeto de una communicacion 
Oceanica, por la comission cientifica que nombro al efecto el 
impressaria Don Jose de Garay," London, 1844. 
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938 [804 c] 

1860. — Anonymous. Geological map of the southern part of the 
isthmus of Tehuantepec. No place of publication. 
XXIV. — Parag-iuiy^ Patagonia and Tierra del Ftu;go. 

939 [852 a.] 

1847. — Grange (J.) Carte geologique de la Patagoine et de la 
Terre de Feu. Scale 1 : 1,150,000. 

Accompanying: ** Voyage au p61e sud et dans l* Oceanic," 
par Dumont d'Urville, Geologic; atlas in folio, Carte No. 2, 
Paris, 1847. 



[ Notes ox Pal.eozoic Crustace.e No. 3.] 
ON THE GENUS AMPYX WITH DESCRIPTIONS 

OF AMERICAN SPECIES. 

By A. W. VoooBS, Alcatra?. Island, Saa Francisco, Cal. 

Historical notice of the genus Ampyx Dal man 18^8, 

1828. — Dalman describes and figures the first species of this genus 
under the name oi Ampyx nasutus from the Lower Silurian of East 
Grothland at Skarpasen. This new genus is classified under Section \\ 
family Asaphns {Ampyx) nasutw< Palieaden p. 5t3, plate 5, fig. 3. The 
author gives the following brief description of the genus : ^^Eyes not 
apparent nor even protuberances in their place, but rather impres- 
sions ; head large and triangular ; glabella very large, prominent gib- 
bous, and not lobed; thorax short with few segments (6) ; pygidium 
distinct and entire." This species has been described and illustrated 
by numerous authors. 

1835. — Sars describes and figures in Isis, Heft 4, p. 334, plate 8, figs. 
9 and 4, two new species from the Lower Silurian of Norway under the 
names of Ampyx rostratas and A. mammillatus. The glabella of Ampyx 
mammillntuB is represented on plate 8, fig. 4c as blunt in front, less so 
in fig. 4a, and elongated in fig. 4b. It is doubtful whether all these 
figures are of the same species, Boeck, Gea Norvegica, 1838, p. 144 ex- 
presses this view, but the author does not suggest a new name for the 
species. Angelin (Paheontologia Scandinavica, 1854 p. 80) restricts the 
name of Ampyx mammillatus to Sars' figure 4c, and gives that of 
Ampyx cosiatus Boeck, to figs. 4a-b-d apparently from a term used by 
Boeck in the naming of species in the Christiania Musuem. 

1843. — Portlock in his report on the Geology of Londonderry, etc., p. 
258, gives a generic description copied after Dalman's ; the author also 
describes and illustrates two Irish species from the Lower Silurian, 
which he considers identical with those described by Sars in 1835. 
Col. Portlock remarks: " If Ampyx nusutus Dalm, was provided with 
a frontal spine, it is equally probable that if perfect it^ would have 
exhibited lateral buckler spines also, and hanlp^ ^h*^se;'«]ppendages 
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must be considered rather generic than specific distinctions. As the 
terms nasutus and rostratuH are therefore inappropriate as specific 
designations, they should be replaced by others not tending to con- 
found generic with specific characters, and Ampyx nasutus might be 
called after its discoverer ylwjoy.r dalmayiij and Ampyx rosirat us ^ Ampyx 
sarsli" The author expresses a doubt if all the figures of Ampyx mam- 
m Hiatus given by Hars are one and the same species. He describes and 
illustrates Ampyx austini which has hitherto been regarded as a 
synonym of the older species, Ampyx mammillatus. Ampyx bacatus 
Portlock is probably the head of a species of the genus Encriminurus ; 
it is indistinctly illustrated. 

1846. — Barrande describes in his preliminary work, Nouv. Trilob. 
p. 9, Ampyx portlockij which has five segments in the thorax. 

Corda describes and figures under the name of Ampyx bofiemicus, a 
species to which Barrande had already given the name of Ampyx 
portlock a, Prodrom, 1847, p. 154, pi. 3, fig. 19. 

1847.— Boll, in Dunk & Meyer's Paheont. Bd 1, Liefg. 2, pi. 17, fig. 8, 
describes and figures Ampyx bruckneri, a new species from an erratic 
boulder. 

1848. — Forbes describes and illustrates in the Mem. Geol. Sur., vol. 
2, part 1, page 350, a new species from the Upper Silurian of Ludlow, 
England, under the name of Ampyx parvulus ^which he figures on plate 
10 ; it has only 5 thorax segments. 

1849. — Forbes, in the Mem. Greol. Sur. Decade II, plate 10, describes 
and illustrates Ampyx nudus, a species which Murchison had classed 
under the genus Trinucleus, in his Silurian Syst. 1839, p. 660. Forbes 
divides the genus into two provisional sections as follows: 

1. Ampyx proper with the head long and five thorax segments. 

2. Brachampyx with the head short and round with six thorax iseg- 
ments. 

The section Brachampyx is equivalent to Dalman's original genus 
A mpyx^ of which Ampyx nasutus is the type, and is altogether mis- 
applied ; it should be abandoned. 

1850. — McCoy, in Annals Mag. Nat. His., series 2, vol. 4, p. 410, gives 
a classificntion of English trilobites. Fie enumerates the genus A mpyx 
under the Ogygida*. The author also describes a new species under the 
name of Ampyx hifns^ with five thorax segments; cf. Ampyx nudus 
which occurs near Builth, AVales, the locality given for this fossil. 

1854. — Angelin, Pahpontologia Scandinavica, p. 80, proposed the fol- 
lowing subdivisions of the genus Ampyx. Raphiophoridce with three 
genera. 

1. Lonchodomus Aug., with lancelate glabella terminating in an 
elongated prismatic spine; type Ampyx rostratus Sars. 

2. Ampyx Dalm., with an oval glabella terminating in a rounded 
spine, six thorax segments; type Ampyx costatus Boeck. 

3. liaphiophorus Ang., with an obovate glabella having an abrupt 
apical s^nno, five thorax segments ; type ^1. xeterostris Ang. 

The afiliior A^svrfbes and illustrates Ampyx costatus Boeck taking 
Bars' figure of Ampyx majnmtllatus. Isis 1835, plate 8, figs. 4a-b and d 
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for the type of the species. On comparing Angelin's illustrations of 
Ampyx cosiatus given on plate 40, fig. 1, we observe that they resemble 
Sars's figure given on pi. 8, fig. 4b, Isis, 1835 ; as to having a produced 
glabella and spine, iSars' figures given on pi. 8, fig. 4a represent a 
species with a blunt glabella terminating in a tubercle ; fig. 4b of the 
same plate has an extended glabella prolonged into a spine. Both 
these species do not appear to be the same, therefore Angelin's des- 
cription of Ampifj- rostatfis should be confined to Sars* fig. 4b, and 
Ampyx mammillatm should be restricted to Sars' figures of this species 
given on pi. 8, figs. 4a-c. These illustrations do not quite coincide, 
but they agree much better than fig. 4b. That both Boeck and Angelin 
were correct in splitting up Ampyx ma mm Hint us Sars, there can be no 
doubt; it is a question of the correct separation. Ampyx costatus 
should riot include the spined and non-spined glabella represented on 
Sars' pi. 8, figs. 4a-b, as Angelin, as reclassified it. 

Angelin also describes and figures the following species: 

Ampyx foreolatus Aug., Regiones D-E; Ampyx mammillatUH Sars, 
Reg. Da; Ampyx na»utus Dalm., Reg. C ; Ampyx f aruleatuH Aug., Reg. 
Da; Raphiophoruft Hetirostrh Aug., Reg. Da; /?. iumidun Aug., Reg. Da; 
R. Cfthninatu^ Aug., Reg. Da ; R. deprci^nd Ang. Reg. Da ; R. ncanintH Ang., 
Reg. Da; Jjonchodomftfi rontratuM^ Sars., Reg. Da ; />. rr«H/f/r<>x^m Aug., 
Reg.Da ; L. affinh Aug., Reg. Da ; L.juyatun Ang., Reg. ; Ij. domntnn Aug., 
Reg. B-C ; Ampyx tetragimns Ang., Reg. (•, and A. mrhtatim Aug., Reg. 

1852. — ^Barrande in his great work Sy.^t. Sil. BohOme, vol. i, p. ft32, 
describes and figures Ampyx rousaffi. He also redescribes Ampyx 
portlwki which is illustrated for the first time. 

1857. — Eichwald in the Bull. Soc. \at. Mosc, 1857, p. 318, describes 
Ampyx nasutnn Dalm., Lonchodo man ajginia Ang., and Raphiophorun 
conuhin n. sp. These species are redescribed in Letha-a Rossica vol. i, p. 
377. hynchitdomu^ (\ffinU is classed under the new name of LAongirostriH 
pi. 55, fig. 1, and Rapkiophorue connluH is for the first time illustrated. 

1866. — Salter describes and figures Ampyx prifn tint ixs from the Upper 
Tremadoc in Mem. tJeol. Sur. of Great Britian, Geol. of North Wales, 
p. 321, pi. 8, fig. 5. 

1872 — Barrande, in the Suppl. Hyst. Sil. BohOme, vol. i, p. 48, [ilate 
2, describes and figures Ampyx gratms and A. tcut'llus. Etage D-5. 

1865. — Billings, in his work on the PaUeozoic Fossils of Canada, vol. i, 
describes and figures Ampyx halU, A. lifriKHrnluttj A. nnrmnliHj A. niti- 
linsj and .1. nemirostatfiM.all Lower Silurian species. 

1875. — Hicks, in the Quart. Jour. Geol. Soc, London, vol. xxxi, p. 
182, plate 10, fig. 7-8, describes and figures a Lower Silurian species 
under the name of Ampyx salteri. 

1878. — Haupt, in Die Fauna Grapt. Gesteines, p. 73, plate 5, fig. 7, 
describes Ampyx f (hrerinai**diiM). Rnphinphnrtm rulmhintiiH Aug., 
Ampyx sp. 

1879. — Nicholson & Etheridge, Mon. Sil. Fossils of Girvan District, de- 
scribe and illustrate .1 mpyx(Lonrhodom ns) roiitratmt Sars, .1 mpyx {Ltmch ) 
mncaUumi Salter, Ampyx f marronochiei E. <fc N., Ampyx hornei E. h N. 
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,— Vogdea & SatTopl. in tlie Prw. Acad, Nat. Sci., I'hila., p. IBfl, 
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4 1, Brkvikhontks. — Gtabella oval termiiiatiug [ 




;'.■ Siliti-iaimpfien: 
Ampyx americaniis Vogde; 
brucltneri iioll. 
■' costatus Hueck. 
' grntiir! UnrrimiUv 
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5. Ampyx hornei Etheridge c<: Nicholson. 

6. ** mainmillatus Sars. 

7. " nudiis Murch. 

8. ** praiiiuntius Salter. 

9. " pater Holm. 

10. " salteri Hicks. 

11. " latus McCoy. 

12. ** brevinasiitus llaulp. 

Skutiox 2, LoNoiFRoxTEs. Glabella obtuse obovate with an abrupt 
spine. 




Fig. 3. Ampyx nnnntua Dal. 

Ijower Sihd'iati xpi'den. 

1. Ampyx? aculeatus Ang. 

2. Uaphiophorns culininatus Ang. 

3. Haphiophorus depressus Ang. 

4. Ampyx halli Billings. 

5. " nasutus Dalmun. 

6. " portlocki Barrande. 

7. Kaphiophoriis scanicus Ang. 
8.* " setirostris Ang. 
9. Ampyx tumidus Forbes. 

10. " rutilius Billings, (pygidiuni only). 

11. " semicostatus. (pygidium only.) 

12. *' tetragon us Ang. 

13. Kaphiophorus tumidus Ang. (not that of Forbes). 

14. Ampyx tenellus Barrande. 
Upper Silitrian Kperiei*. 

15. Kaphiophorus uloniensis Marr. 

16. Ampyx fove()lntus Ang. 

17. " parvulus Forbes. 

18. " rouauiti Barrande. 

19. Kaphioiihorus conulus Kichwald. 

• Section 3, Loxciiodomas, with a lanceoIat«* glabella terminating in 
an elongated prismatic spine. 
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Fh.. 8. Lonchodoina9 ftomatiM An«. 

Lower Siluriutt «ptviet*. 

1. lionchodomas ntfinis Ang. 

2. " (*arinattis An^. 

3. ** craitsirostris Aug. 

4. " (lomatus Ang. 

5. ** jugatus Ang. 

fj. ** tnaoallumi Salter. 

7. Anipyx? inacconm-hiei Etheridge «& Nicholson. 

8. Lonchodomas rostratiiK Sars. 

9. Ampyx nornialis Hillingn. (Head only ; cf. Ampyj n^/it rat Ui^ Sars.) 

10. Ampyx Isvviusciiliis Billings. (This isproba1)ly the tail of Ampyr 
roistratHs Sars. 

11. [yonchodonias longirostris Kich.. cf. /.. nffiniH Ang. 

Genus Ampyx, Dulmau, 1H2H. 

Dlfiffiioftitt. — Entire form oval, approaching the form of a 
lozenge. Trilobation marked in all its extent ; the head is sub- 
triangular, rarely provided with a limb but usually armed with 
long pointed spines. The glabella is generally distinctly defined 
by the dorsal furrows, which form a salient frontal lol)e before 
the contour of the cheeks. Tn the section Breri/ronfes the gla- 
bella is oval, terminated in front by a long pointed rounded spine 
as in Ainpffx HUfhi* Murch, and .1. roxtatun Bocck, &c. In the 
section Long i front fa the glabella is obtuse-obovate with an abrupt 
spine as in Ampi/.r liasntutt Dalm. In the section lAinchodomas 
the glabella is lanceolate in form terminating in an elogated pris- 
matic spine as in Ampyx roHtrtitua Sars. The nnmber 'of the side 
furrows on the glabella varies much from three pairs as in Ampyx 
mammiUatu:i Sars, to two in Ampifx inuliis Murch, Ampyx jHi^sutus 
Dalm. The.se furrows appear to be absent in the t^'pe of the 
section Lonchodomas, Ampyx rfudrotux Sars. The summit of the 
facial sutures occupies a marg:inal place and is hid under the 
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salient frontal. The facial sutures in Ampt/.r rouaH/ti Bsirr, run 
from the anterior borders of tlie glabella in an almost straight 
line to the posterior b^wder which they cut near the genal angles 
near the ends of the first pi eurw; see also Amj^yx nttsutiitt Dalm 
and A. douiatun. In Ampi/.v mHtntus Boeck, the facial sutures 
form a signKHlial curve cutting the anterior border about midway 
and the posterior border near the genal angles. The eyes are 
wanting. The hypostonm lias not been observed. Occipital ring 
and furrow well defined. The thorax consists of six segments in 
Ampy.r n<H(tffniiy A.cnMtaftut^Sii'. Ainpif.t Hi-th'ostriH^ A. porIocA't\ A. 
rotiaftlh\ A.parvfi!ft;i and .1 Jtifus have only five segments. Barrande 
observes that in undeveloped specimens of Am pyx rouaulti there 
are only three or four segments in the thorax. The axis is 
always distinct: the lateral lobi's form a plane surface, with hori- 
zontal pleurae. They are sometimes marked with lateral rows of 
lubereles on the axis as in Atnpt/.r innhfH. The pleurae are hori- 
zontal and divided by an ob]i({ue furrow which extends from the 
dorsal furrows to the tips: tlie knee occupies a place near the 
extremit}', and forms a very short slope. The pygidium is sub- 
triangular in outline, sometimes rounde<l. presenting a horizontal 
surface, with ? prominent axis. The axis of Ampyjr rontratus is 
faintly segmented with, a row of tubercles on each side; that of A. 
nuihm has nearly 20' articulations, and that oi A. htrayonuH showH 
no articulations. The lateral lobes are generally segmented. 

North A.mkri('.\n Sprcies. 
Bi't'VifroiiteH. 




Fuj. 4. Atnpy,r atneriranus Voa. A- saf 
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AMPYX AMERICANUS Vogdes & .Satford, 1889. 
Diagnosis. — General outline broadly oval; glabella somewhat 
clavlform, slightly convex, narrowing behind the middle and 
widening out slightly at its junction with the occipital ring; it is 
marked on each side by one or more oblique furrows; projecting 
spine broken off in the specimen before us. The cheeks are 
broad and rounded towards the margins; genal spines broken off; 
facial sutures not observed. The thorax has six horizontal seg- 
ments; the axis is broad anteriorly and gradually diminishes 
pK)8teriorly ; it is well defined by the dorsal furrows and lateral 
nodes along its sides. The pleura? are horizontal and deeply 
grooved, terminating in obtusely pointed ends like those of Ampyx 
nudvs Murch. The pygidium is triangular m form; the axis is 
prominent and gently tapering to an obtuse point on the posterior 
border; it is marked by 18 or more rings with a central row of 
nodes; the sides have only one pair of side ribs which are deeply 
grooved outwards, cutting off the posterior part of the tail. 

Geological position. — Trenton group near Bull's Gap. on the road to 
RuBselville, Tennessee. Cabinet of J. M. Safford. 

Affinities. — We have compared the Tennessee speties with the 42 

known species of the genus Ampyx, and find that it differs in detail 

from all of them. The American species is of the type Ampyx nndus 

Murch and A. costatus Boeck. There Is a pygidium figured by Billings 

in Palaeozoic Fobs, Canada, vol. i, p. 29'), fig. 285, as Awppr hrviusculus 

from Table Head X. F., which approaches the Tennessee species, but 

it lacks the nodes. 

Ztovgifronfrs. 
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Fig. 5. Ampyjr hilli HuA.. 

AMPYX HALLI Billings, 1861. 
Diagnosis. — Head somewhat triangular or semi-oval; glabella 
(dongate-oval, terminating in front with an acute spine and 
truncated behind by the neck furrow, narrowly convex and rather 
sharply carinated along the median line; glabella furrows repre- 
sented by two obscure indentations on each side, the posterior at 
a little less than one line from the neck segment, and the anterior 
about two lines: the latter consists of deep pits situated in the 
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dorsal furrows or just in the angle formed by the junction of the 
base of the glabella with the fixed cheeks. The neck segment is 
a flat plate inclining upwards and backwards at an angle of about 
45 degrees. The neck furrow is well defined all across the whole 
width of the head, Vjeing least distinct in passing over the pos- 
terior part of the glabella. Pygidiuni semi-oval with a flat 
border all round abruptly bent down at nearly a right angle. 
Axis conical, moderately convex extending the whole length and 
causing a slight projection in the posterior margin. Side lobes 
nearly flat, with 5 or 6 flat ribs, each with a fine pleural grove 
extending the whole length. On the axis 10 or 12 closely 
crowded annulations occupying 5-0 the lengths; the apex being 
apparently smooth. Length of the head excluding the spine 3^^ 
lines measured along the base of the glabella. 

Geological position. — Chazy, Bt. Dominique, Canada East, and at 
Higbgate Springs, Vermont, 







Fra. 6. A. 8€ltnco8tatus Bill. A. nonnalit Bill. A.lafviusculu* Bill. 

AMPYX NORMALIS Billings, 1K65. 

Compare Ampijx Ueriiisrulns Billings, & ,1. roHlratus 8ars. 

Diagnosis. — Head, without the movable cheeks, triangular, 
the width about ^ greater than the length; fixed cheeks gently 
convex, smooth; neck segment consisting of a flat plate inclining 
backw^ards. The glabella elongate-oval, greatest width about 
mid-length, { narrower at the neck segment, the apex extending 
a little over the front margin of the head: the spine appan^ntly 
equal to the whole length of the head, not rounded but fluted, a 
characteristic of the spine of Ampyx rotftratus. There are 2 or 
3 ovate or nearly circular scars, one on each side of the glabella 
in the posterior half. 

Of the two pygidia described from Table Head by Billings 
u vder the names of Ampyx Itf.viuscalns and A. hormaUs^ I think 
that the pygidium of A. InriuacHbix should ]>e connected with the 
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separate lieatl described as .1. uonnnlU. The author remarks 
that the latter diffei's in being *' proportionately wider, the pos- 
terior bevelled margin thicker and the upper edge of the bevel 
rounded instead of angular,'" which may be due to age or other 
causes. The sides of .1. Iitruufcuhts are represented a« quite 
smooth, but those of A. normalis are obscurelv ribbed. 

The pygidiura of Aiupf/.r rostratus has a broad, bevelled and 
striated limb. Axis faintlv segmented with a row of nodes on 
each side, with the exreption of the first segment, which is dis- 
tinct. The side lobes have only one pair of anterior ribs. 

The following is the original description of the pygidium of A. 
norttmh'i*: Pygidium triangular, width twice the length, the two 
posterior sides gently convex, and the margin abruptly bent 
down or bevelled nearly vertically, the upper edge of the bevel 
angular and with indications of a slightly elevated linear rim; 
axis very d(»prcssed. C4)nvex or nearly flat, its width at the an- 
terior margin al)out | of the whole width, extending the whole 
length or nearly so. crossed by, obscure undulating furrows. 
»^idc lobeA j^entlv convex. 

AHPYX RUTILIUS Billings, 1H()5. 
('oii>f)Hre Ampffj cmuumhitnH Billings, 1865. 
DlayiioslH. — Pygidium subtriangular, length altout ^ of the 
width, nearly vertically l)evelled behind, the upper edge of the 
bevel with an acute linear rim. Axis cylindro-conical, strongly 
convex, extending the whole length, with about 10 rounded 
rings. Side lobes nearly flat, slightly concave near the margin, 
with Jl ril)s verv <listinctlv defined the whole width. Width of 
the specimen 4 lines; length 1.^ lines. 

Lomlitif. — Four miles N. E. from Portland Creek. Newfoundland. 

Afiititii'A. — The author remarks that this species diflfers from Ampyx 
aeinicontiUiiA^ in having more numerous ribs which also extend the 
whole width. It occurs a King with it in the same beds. 

The pygidium of Ainpip hrrlnMcnh(» diflfers from that of A. iwnualig 
in having a more prominent axis and a thicker posterior margin, also 
in being proportionately wider. 

AMPYX SEMICOSTATUS Billings. 
U! ay II OS IS. — Pygidium sub- triangular, posterior margin broadly 
rounded, obtusely angular at the apex; length 2-5 of the width; 
axis cylindro-conical, strongly convex, extending the whole 
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length, with 5 or (> distinctly defined rounde<l tiunulations; dorsal 
farrows on each side of the axis, deep and well defined. The 
side lobes are rather tumid in the middle, but concave towards 
the margin, the latter with a distinctly elevated angular rim and 
nearly vertically bevelled ; there are 5 or (J ribs extending about 
half way from the margin of the axis. In very small specimens 
only 2 or H are visible. 

Loraliiif. — Table Head and Pistolet bay : four miles N. K. from Port- 
land creek, Newfoundland. 



EDITOKIAI. COMME^y'T. 



TiiK Illinois Statk Mc'seum. 

There is great activit}' in Illinois in numerous branches of prac- 
tical geology and natural history. Not only is thc^ Illinois Board 
of Managers of the Columbian Exposition c*onstrueting a plaster 
of paris map, moulded to show the contours of the surface, but 
preparations are being made to make a complete display of the 
rocks and fossils of the state. Maps and sections showing the 
geological structure, based on a long series of studies of rock 
outcrops and of deep wells, will show the underlying geology, 
while soil and surface maps will accompany the sections, calcu- 
lated to not only exhibit the distribution of the drift, but also 
the effect of the i-ocky substructure on the soils in the absence of 
the drift. A new contoured map has been nearly completed, of 
the whole state, by Prof. V. W. Kolfe, of the State Univei-sity, 
he having spent the wlole of last season, with a large corps of 
iussistants, in topographical work. Mr. Lindahl, assisted in one 
direction by Mr. Frank Leverett, and in another by Mr. E. O. 
Ulrich, has had the responsible charge of the geological exhibit. 
He has fortunately gathered, during the last four ^'ears. a large 
addition to the available data for a pnictical study of the rocks 
of the state, supplementing and extending the paleontological re- 
searches of Prof. Worthen by stratigraphic measurements and 
actnal sections in the field. Never before this gathering of the 
wdata of deep wells was it possible to construct profile sections 
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across the state with such aceiiracv. The Worthen collection, 
now catalogued in the Museum, numbc^rs 2,879 entries, and the 
total entries reach 18,507, an increase, during the past four 
years, of 11,558. Numerous duplicate specimens have been as- 
sorted for distribution to the schools of the state. The library, 
wholly built up since Prof. Worthen's death, contains al>out 2,000' 
volumes, and as many pamphlets. In the recH)i'ds of the office 
are 400 logs of borings and shafts, with collateral informa- 
tion. 

This growth, which entails a vast correspondence, and which is 
necessarily a growth that must go on, under the intelligent guid- 
ance and. watchful inspection of one mind, during a series of 
years, cimnot fail to be verj- useful to the State in the near future,, 
if it is properly husbanded and mastered by comparative studies.. 
It is evident that it cannot be easily picked up by any new man. 
It is a misfortune when from any cause such a chain of research 
is broken b}^ change in the incumbency of the responsible posi- 
tion of stiite geologist, (ieological science is, in its nature, nec- 
essarily a thing of slow progress, and it has suffered many losses 
and serious checks by the suicidal efforts of politicians to scatter 
the emoluments of partisan politics among their friends. The 
governors chair can be emptied and filled annually, or semi-an- 
nually, by successive incumbents, and the state will not suffer, 
but the work of a geological bureau is connected and cumulative, 
and valuable onlv as its data are wisely collected and concen- 
trated from the experience of seveml yejirs, under the systematic 
plans of the same incumbent. This was perfectly il Instigated by 
the long service of Worthen, in his persevering paleontological 
lalx)rs, and is again by that of Lindahl in his extensive stmtigraph- 
ical and economic studies. Would that every State had the wis- 
dom that is shown by Illinois in this work. 

Some IIkckxt riiiTicisM. 

The somewhat acrimonious assault upon Prof. (1. F. Wright's 
late volume entitled "Man and the (Jlacial Period'' has in some 
points exceeded the tlue bounds of scientific criticism if not those 
of courtesy. It is to be regretted that the reviewer sht)uld be 
lost in the assailant or that the pursuit of truth shouhl be subor- 
dinated, or even seem to be subordinated, to the desire of personal 
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distinction. Still more regrettable is it when a controverey on a 
scientific subject betrays the wish to lower one earnest worker in 
public esteem in order to extol another. There is in the field 
ample room for all and no monopoly' or '•cornering" of any part 
of it can be for a moment recognized. 

These remarks are called forth by the tone of the discussion al- 
luded to above, at least as conducted by some disputants of the 
one party. It may be that the inevitable inferences which the 
ordinary reader can scarcelj' fail to draw from the expressions of 
Prof. Wright's assailants are unintended and unjustified. In that 
case we can only regret that the writers were not more guarded 
and more temperate in their language for they have exposed them- 
selves to the severe counter-criticism that their objections have 
rather the authoritative tone of the ecclesiastical controversialist 
than that of the scientific investigator. 

The chapter of Prof. Wrights lK>ok which has called forth 
the severest remarks is that on ' *The Relics of Man in the Glacial 
Era. " In this Prof. W. briefly mentions the leading instances 
that have been adduced of the discoverv of human works and re- 
mains under strata considered of glacial date or in others ascribed 
to pre-glaeial time. 

Omitting the instances quoted from Europe to which no objec- 
tion has been raised those from America are as follows: The well 
known * 'finds" of Dr. Abbott at Trenton, X. J., those of Dr. 
Metz at Madisonville, O. , that of Mr. Cresson, in Jackson county, 
Ind., and of Mr. Mills at Newcomerstown, ()., those of Prof. 
Wlnchell and Miss Babbitt of Minnesota, the second find of Mr. 
Cresson at Claymont, Del., the various discoveries on the Pacific 
coast made known by Prof. Whitney and Mr. Becker, and lastly 
the now familiar **Nampa Image" from Idaho. 

In setting forth these examples Prof. W. of course relies on 
the evidence presented by their ditTerent authors. No other 
course was open to him. They are quoted with the caution due 
to their rarity and significance though the cumulative value of the 
evidence is commented on. The wholesale rejection of this evi- 
dence by some of Prof. W. "s critics means the condemnation of 
witnesses such as Whitney. Abbott, Metz, (Bresson, Winchell 
(N. H.), Upham, Shaler, etc. This should not be lightlj* done.. 
The testimony even of careful ordinary observers to facts may 
need confirmation but must not be contemptuously waived aside. 
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Derogatory remarks an to competency are quite out of place in 
-connection with such names as those above quoted. 

We do not propose here and now to enter on a discussion of 
glacial man. It would exceed our due limits in an article of this 
kind. Wo will at present content ourselves with a protest against 
the tone adopted b}^ some of the critics and the air of assumption 
and of superiority that pervades their remarks. Both are emi- 
nently unbecoming to scientific literature and derogatory of the 
dignity of science. We may add that they are in striking con- 
trast to the modesty and caution of the replies. 

To pick out what is admittedly and necessarily the weakest 
part of a lx)ok for destructive criticism, omitting all its excellencies, 
is hardly the work of u reviewer while the insinuation of disin- 
genuousness is equally unworthy of a critic. The scope and tone 
of some of the articles must, whether justly or unjustly we can- 
not say, awaken in the minds of many readers the suspicion 
of an ulterior or personal motive. This is deeph^ to be re- 
gretted. 

We will add but a few words, (t ranting that all these quoted 
cases fail» as of course they do, to inore the presence of man in 
America during the Ice- Age they must be admitted by impartial 
judges to tend in that direction: for it is impossible to admit that 
they are all and altogether fallacious. Only by the accumulation 
of such proof can we expect to establish the i>osition. Abso- 
lutely conclusive single instances are not probable. Why then 
shouUi so great anxiety be manifested to break down the testi- 
mony in their favor? No reasonable doubt can now be enter- 
tained that man was coeval with the ice in some part of the world 
and no evolutionist can well afford to date his first ap()earance 
later than the Ice- Age. It is somewhat difficult therefore to dis- 
<'over the motive that has led to so violent an attack on a work 
which after all merelv summarizes with caution the evidence as it 
stands and draws a (qualified conclusion from it. Strange indeed 
is it to see the theologian in the van of the evolutionary 
army with the geologist and the archaeologist lingering in the 
rear. 

In the March number of the (J eoi.cmhst we shall gather to- 
gether the opinions of a number of American geologists so as to 
present a sort of symposium on this subject. 
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REV^IEW OF RECENT GEOLOGICAL 

LITERATURE. 



Final Geological Report of the Artesian and l' ml ery round InretttiijatioUy. 
between the ninetif'Serenth meridian of lomjitude and tfie fwA-hilU of the 
Rocl'if Mountairu. To the Secretary of Agriculture, made by Prof. 
HoBT. Hay, F. G. S. A., Part Third, Washington, 1892. 

The above titled re])ort so far as relates to Texas, is based upon 
the observations of Mr. Hay during n brief railroad trip through the 
Panhandle of Texas in company with Prof. Uobt. T. Hill, who signs 
himself Assistant Geologist for Texas, New Mexico and Indian Terri- 
tory. 

Such reports, to be of importance, must be based upon careful ob- 
servations and correct determinations of the geological structure of 
the area covered by the report ; and unless such is the case, the 
guesses of one man as to its artesian water possibilities, will be as 
good as those of another. Not only is it necessary to have a 
knowledge of the geology of the country, but the course and rate of 
the dip of the strata and of the surface must be correctly determined,, 
if areas are to be pointed out where artesian water wuU flow. If an 
observer makes a mistake in regard to a receiving area, that mistake 
will follow his conclusions throughout the entire area under which 
the strata are supposed to lie. If there be a mistake as to the course 
and rate of the dip of the water bearing beds, the result will be mis^ 
takes in the fact and extent of the area of possible flowing wells. 

It is utterly impossible for a person to study the geology of a coun- 
try by traveling over it in a railway train and simply stopping off at 
some of the principal stations ; and reports based upon such observa- 
tions are more than liable to be erroneous. It is not the amount of 
travel that a person accomplishes over a district that makes him a 
geologist, or that enables him to correctly determine its geological 
conditions. That the geology of a country cannot be studied in such 
manner is well illustrated in the report under review. 

Mr. Hay came to the Panhandle of Texas, and made recconnois-* 
ances with Prof. Hill, as he tells us, and with no more information 
than he obtained from such hasty examination, writes his report of 
that part of the district. The mistakes he has made in the small 
space allotted to Texas are of such a character that one would think 
that he had never been in the district at all. 

Would a man who knew anything, from personal ol)servations or 

otherwise, about the head of Red river of Texas ever make it flow 

through Canon Blanco, when Blanco is the canon through which the 

Salt fork of the Brazos flows? Palo Duro is the canon of Red river. 

On page 13 of the reiwrt, in speaking of the mountain source of 
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rivers, after having mentioned other locah'ties outside of Texas, he 
says, " So the Pecos and Red rivers are cut off from montanal connec- 
tion by the higher valleys of the l-anadian and Rio Grande. Other 
rivers of Texas are seen to have similar origin, though some have 
what might be called a mountain supply, as they rise near the isolated 
mountain groups of the Sierra Blanca and Wichita mountains." 

The question would naturally arise, does a man know enough about 
a country to venture to write a report about its artesian water supply, 
who makes such glaring mistakes as to put the Rio Grande between 
the mountains and the Pecos river ; or who will have any of the 
rivers of Texas getting tlieir supply of water from the Wichita mount- 
ains, which are on the north side of Red river, and east of the east 
line of the Texas Panhandle; or who will have any river getting a 
supply from Sierra Blanca when there is no water there for any pur- 
pose, the nearest supply being the Rio Grande? Even the party of 
the State (Tcological Survey had to be supplied with water left for 
them by railroad officials along the line of the railroad during the 
time the party was working in that district. 

Mr. Ilay also makes the Brazos river a tributary of the '* Father of 
waters." (See page lo.) 

It will be found upon examination, that he knows as little of the 
geology of North Texas as lie does of its i)hysical geography. 

He begins by saying (page 9): The strata in the earth's crust 
that it is necessary to know the names of in this investigation are 
arranged as groups and sub-groups as follows: 

( 'enozoic : Mesozoic — Continued, 

(iuarternary or Pleistocene: Trinity. 

Drift. Jurassic. 

Tx)ess. Triassic. 

Tertiary : l*aleozoic : 

Pliocene. (.-arboniferous including Permian. 

Miocene. Devonian. 

Eocene. Silurian. 

Mesozoic : ( 'ambrian. 

Cretaceous : Archaean : 

Laramie. Schists. 

Montana. Gneiss. 

Colorado. Granite. 

Dakota. 

The arrangement of the table as printed would lend to the infer- 
ence that lie knew nothing of the recognized value of tlie term group, 
since in it he makes the Tertiary system of equal value with the 
Cenozoic group of which it forms a part and puts the Trinity division 
of the Cretaceous system on eciuality with such systems as the Creta- 
ceous, Jurassic and Triassic. 

The further statement on the .<aine page that " the left hand column 
has its terms based upon the remains of life, fossils found in the 
rocks," is simply ridiculous, if originally intended to apply to this 
table. 
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}Iis whole troatineiitof it is sueli as to lead only to confusion, and the 
•use of these terms in such an indiscriminate manner at least suggests 
the inability of the author to give exact information upon the subject 
•of which he is writing. 

On page 20, he makes this statement : " South of the Arkansas the 
Dakota sandstones and shales are immediately subjacent to the grit 
and further south still the Jurassic [or the Neocomian] is in that 
position, while further east of the Jurassic is mostly missing as in the 
valleys of the Canadian and Red rivers east of the one-hundreth 
meridian and the Triassic red beds are found there immediately 
under the Tertiaries." 

Does he, or his editor for him, intend, by including the words " or 
the Neocomian " in brackets, just after the word " Jurassic " to give 
us to understand he puts the Jurassic in the Neocomian, or is he un- 
decided to which it belongs? It would puzzle him very much to find 
a place in Texas east of the one-hundreth meridian where the Juras- 
sic was not entirely missing. 

He continues, "On the high plain of West Texas — The Llano Ksta- 
>cado — the Red river has cut a gash 1,(KX) feet deep which shows this 
descending order of formations: 

Plains Marl, 
Tertiary Grit. 
Jurassic, 
Triassic." ' 

We cannot exactly locate the place of his section, as the deepest 
place on the Palo Duro canon is only nine hundred feet, and decreases 
from that to four hundred, so the place cannot be determined by the 
depth given. Nor is there any such succession of strata as he men- 
tions, to be found anywhere along the canon of Red river. I have 
gone up the canon from mouth to head and made many dozens of 
-sections and many metisurements of the depth of the canon, and I 
can say with absolutely certainty that there is no such succession of 
strata to be found there. 

At the mouth of the canon there is a section showing two hundred 
*feet of Tertiary, three hundred feet of Triassic, and the other four 
hundred feet of Permian. There is not a foot of Jurassic in the 
canon ; and for that matter in that part of the state. 

The age of the Trinity sands is unsettled, or was at the time when 
this report was written, and it might have been thought that he was 
calling the Trinity sands "Jurassic," but he has taken care that we 
shall not so understand him, for in the section he gave us he men- 
tions both the Trinity sands and the Jurassic (see page 9 of his re- 
port). But admitting that in his cumbersome and random way of 
expressing himself he might have meant the Trinity sands when he 
said in the paragraph last quoted, Jurassic, [or the Neocomian] it 
•would leave the matter in no better condition, for there is not a 
•single out<?rop of the Trinity sands from the J>oubIe Mountain fork 
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of the Brazos river luirthward along the eastern escarpment of the 
Htaked plains to their northeast corner, nor along the north escarp- 
ment of the Plains westward to the west line of Texas, nor along any 
of the canons of the upi>er Red river. The question therefore natur- 
ally suggests itself, was Mr. Hay ever at the *' gash " of which he 
speaki^.and if so, does he know Jurassic when he sees it? He cer- 
tainly did not get his information from Prof. Hill, for the latt«r says 
in his report in one place, that tlie plains material in that part of the 
state rests on the Triassic. He is probably aware of the fact that 
nearly every geologist, since Marcou first determined it in 1853, has 
put the lower red beds of Texas in the Permian. 

He does not attempt to tell us whether there is an artesian water 
area in the Panhandle of Texas or not, but it is probable that he does 
not think there is, as he has cut off that region from mountain supply 
by having the Kio Grande run between the Pecos and the mountains. 

He says on page 33. in speaking of the underflow of water, that 
"Mr. Hill has accounted for the source of water of the great springs of 
Texas without recourse to the distant mountains." That is only cor- 
rect in part, for there are numerous large springs in Texas that can 
only be accounted for by having " recourse to the distant mountains." 
Such are the large springs in Lampasas and San 8aba counties whose 
water reaches the surface through the Carbijniferous and Silurian 
strata. Mr. Hill mentioned Lampasas springs but did not attempt 
to give the probable source of the water, nor does he attempt to 
account for the origin of the water of any of the large springs of San 
Saba county. 

Opposite page 37 he gives Section XX showing a synclinal or trough, 
in which are the outlines of an ideal artesian basin, as though such a 
condition existed. He says, " the conditions as shown by figure XX 
are almost those that would be found by a carefully made diagram 
of the actual levels and stratifications from the Black Hills to the 
James river, and across the region of the Fort Worth- Waco basin of 
Texas, as well as other regions of approved artesian wat«r supply." 

Instead of the Fort Worth- Waco area being a basin, it is simply a 
series of water l>earing strata that have a regular dip from the north- 
west, and is not a basin in any sense of the word. Had Mr. Hay 
known anything about the matter, he would never have said it was 
similar to his ideal basin. lie seems to have read Hill's report to 
very little advantage. 

In Mr. Hay's part of the report, there are in isolated paragraphs less 
than three pages altogether on the Texas area, and the reference is 
rather incidental than otherwise, and yet there is in these references 
such an array of ignorance of the matter of which he is trying to 
write, whether it be of fact or of conclusion, that his report for practi- 
cal purposes is absolutely worthless. * 

I have called attention to that part of the report that refers to 
Texas, for the reason that I am personally familiar wit-h a large part 
of its territory and can speak from personal knowledge. If the rest of 
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Mr. tiay's report is as full of mistakes as is that which refers to Texas, 
it might with propriety be called, "A Comedy of Errors," were it not 
for the fact that it is too flat to l>e comical. 

The St'cond Volume of the Final Report of the Second Geological 
Surreff of Pennmjh'ania. J. P. Lesi.ky. No geologist has a more inti- 
mate or perfect acquaintance with the structure of the Keystone 
state than he who has been for so many years at the head of the second 
geological survey. Professor Lesley's connection with the first survey, 
by Rogers, more than forty years ago and his conduct of the present, 
together with many years of professional work as a mining and geologi- 
cal engineer, have rendered his knowledge both accurate and minute. 
It is with pleasure therefore, that we welcome this second volume of 
his final report summarizing the results obtained in the Systems V to 
IX in the first survey, or those contained between the Olinton and 
the ("atskill inclusive, of the New York system. The presentation of 
these results in brief and in a manageable form is as great a boon to 
geologists as was the publication some years ago of the hand atlas of 
Pennsylvania, containing small geologically colored maps of every 
county in the state. It is absolutely impossible that outsiders, to say 
the least, can grosp the extent and amount of the work unless it is 
laid before them in some such condensed form as this. Life is too 
short to allow any one to wade through the hundred and odd volumes 
already issued by the second survey, in search of what he may never 
find, and the thanks of all are due to professor Lesley for both his 
condensations. 

Of course the materials have been almost entirely drawn from the 
separate rei)orts on the counties already issued and mainly from those 
of professor I. ('. White and professor E. W. Claypole which are in 
great part concerned with the particular formations that form the 
subjects of this volume. 

We do not propose here to criticize the work at any great length or 
to follow it far into detail. Space will not allow this. Nor do we pro- 
pose to criticize the plan, which is the same as that of the first vol- 
ume. The various formations are followed over so much of the state 
as they cover and the details of their structure set forth. Per- 
haps in the circumstances no other plan would be any better, if so 
good. 

The labor of thus reducing and condensing the results of the sur- 
veyors can only be realized by those who have undertaken similar 
tAsks. Equally surprising is the rapidity with which the second 
volume has followed the first Let us hope that the health and 
working strength of the author will at least permit hijn to complete 
the third and final volume of his life's work. 

Professor Lesley's training naturally inclined him to look most 
favorably on the structural side of geology and he has often shown 
undue distrust of the results of palaeontology. Hut in this and the 
preceding volume he has laid due stress on this part of the subject 
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and page after page of figures illustrate fairly and often distinctly 
the fossils of the Pennsylvanian rocks. In this respect the work is 
far superior to the author's "Dictionary of Fossils." 

This report is a perfect mine of valuable information to all who 
need it, whether geologists or not ; while the numerous reference* 
enable all who desire them to turn to original authorities for the 
de'tails. 

It is much to be regretted that in most of the state reports the 
"exigencies of the printing office" so often prevent accurate and 
careful publication. In thus writing we formulate no new complaint. 
The fact is notorious and patent. Often detained by the state 
printer till a more convenient season and then hurried through be- 
fore the next busy time arrives, there is no opportunity for full cor- 
rection of errors and for emendation to date of issue. It is conse- 
quently not always just to the author to blame him for either kind of 
fault. The present work is no exception to this rule, and the greater 
part of the errors and the many misprints may fairly be set down to 
the causes above mentioned. Hut there are some for which the 
author must be accountable. For example, the statement on p. 881 
is only partially correct regarding Pniloj>hyton and is quite incor- 
rect regarding (iUipioihmdron which was not described by Dawson , 
or from the Niagara, or from C'anada. Numerous inaccuracies also 
occur in the account of the fossils of the 8alina group. On p. 770 
Scaphaspis is mentioned as a genus. It is the ventral armour of one 
or othei of the genera mentioned in tlie same sentience. Phctrodus, 
Sphaif Off us^ find Thi'lodus (with a Sraphodu)*'* ) are written down as 
teeth. A wrong etymology is assigned to OnrhvH. On p. 772. — No fos- 
sils have been found in the Bridgeport sandstone Some other similar 
errors might be noted w-hich one cannot but regret. 

For the work as a whole however, we have little but praise and not 
the least valuable feature is the great abundance of the illustra- 
tions. 

Snr hi prt'seiicc (If f(m.'iflci< fftiita fr terrain (Coit/nt'dc Jhrtntjm'. Hy M. 
Charles Bakkois. (Comptes Kendus,T. cxv. No. 6, pp. 826-328, Aug. 8^ 
1892.) The high autliority of Isi. Barrois (of the geological survey of 
France and professor of geology in the University of Lille) and his 
reputati<m for cautiousness make this communication of especial 
interest and importance, lie has found Uadiolarian remains in some 
of the pre-(/ambrain crystallines of France. The beds containing 
these fossils are thin layers of graphite-bearing (|uart7.yte, which are 
intimately interbedded with gneisses. The (juartzyte consists of 
(juartz grains and graphite plates with sonie pyrite and felds.pars. On 
microscopic examination of thin sections of the (juartzyte small circu- 
lar or peculiarly outlined bodies were seen among the grains of quartz 
and graphite. These were found to l)e the remains of Kadiolarians 
very similar to those occurring in certain graptolite schists of 
Bretagne. They have been subjected to the examination of M. 
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(Jayeux, who pronounces them to be Radiohirians which belong to 
the Monosphfiiridfe, the most primitive forms of the f^roiip. These 
fossils, says M. Barrels, are the most ancient organic remains found 
in France and probably in the world. The highly metamorphosed 
character of the quartzyte, in which the fossils are found, and of the 
associated gneisses is due, at least in part, to intrusions of granite. 
These rocks belong to a series of more or less crystalline schists 
which are pre-Oambrian in age (/. <. corresponding to our Ontarian), 
but they overlie the fundamental complex of granites and gneisses 
(Laurentian). 

The Champfain ISabmergenci'. By Wakrex Upham. Bulletin, G. S. 
A., vol. Ill, pp. 508-511. Marine fossils in beds overlying the glacial 
drift show that the northeastern part of North America stood lower 
than now during the Champlain epoch, or time of departure of the 
last ice-sheet. The depression was little at Boston, increasing to 
about 300 feet along the coast of Maine and southern New Brunswick, 
520 feet at Montreal, 300 to 500 feet southwest of Janies bay, and 1,000 
to 2,000 feet in northern Greenland and Grinnell land. From the 
Champlain submergence the land was raised somewhat higher than 
now, and its latest movement from New Jersey to southern Greenland 
has been a moderate depression, attested in many places by stumps 
of forests, rooted where they grew, and by peat beds now submerged 
by the sea. The vertical extent of this recent sinking has been at 
least 80 feet at the head of the bay of Fundy. 

Similarly in Scandinavia the observations of Baron de Geer prove 
for that country a depression with maximum of probably 1,000 feet 
near the center of the peninsula, while the land was enveloped by the 
ice-sheet ; a postglacial re-elevation to a hight in some tracts of about 
100 feet above that of the present time ; a second subsidence of the 
country, less than the first; and a second uplifting, which 's now 
slowly in progress. The author concludes that "so extensive agree- 
ment on opposite sides of the Atlantic in the oscillations of the land 
while it was ice-covered, and since the departure of the ice-sheets,. 
has probably resulted from similar causes, namely, the pressure of the 
ice-weight and the resilience of the earth's crust when it was unbur- 
dened. The restoration of isostatic equilibrium in each country is 
attended by minor oscillations, the conditions requisite for repose be- 
ing over-passed by the early re-elevation of outer portionsf of each of 
these great glaciated areas." 

Sote on Ihi: MUUHt'ton fin-innliim of Tcnucs.scc, M(i<iii:<sijfjn\nittl Ahthfima.. 
By Jamks M. Safforh. Bulletin, G. S. A., vol. iii. pp. 511, 512. This 
formation, named with the concurrence of Profs. E. W. Ililgard and 
E. A. Smith, comprises the lowest P^ocene beds in the states 
mentioned. It is named for the town of Middleton, on the Memphis 
and Charleston railroad in Hardeman county. Tennessee. 
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Phi/loijf'fiy of the lingulatt's. Mmk. Pavlow, (Bull. Soo. Impe. d. Nat. 
Moscou, 6, p. 146, 3 plates), in her present paper, seems to have fallen 
into error, especially in her attempt to trace the living Malayan Rhi- 
noceros down through A', kanmlicmdiit and Ji. iUreaueiuU of the 
Pleistocene of the Indian peninsula. These latter were devoid of 
cutting teeth. A table is given in which it appears that the deriva- 
tion of the Rhinoceros is from the '^ StfsteiinKJon** of North America. 
However, while there are some errors, this writer's memoirs furnish 
food for some very deep thought, and many of her studies are of much 
value. 

"On (I series of Pevuliur Schintn near Salkia, Col.'' Mu. Whitman 
C'ross, in his paper before the (-ol. Sci. 8oc., Jan. 2, 1893, gives some 
interesting facts regarding the crystalline schists of tlie Rocky moun- 
tains, and announces this as a preliminary paper. lie first describes 
the geology of the region and points out the fact that a previous 
study of the region by Dr. F. M, Eudlich is almost entirely incorrect, 
and this is well supported by Mr. Cross' observations. The strati- 
graphy and general characters of the schistose series are then de- 
scribed and he finds that in passing northward the schistose charac- 
ters become more marked. The chlorite schist at this locality has 
furnished the enormous dodecahedral garnets now so common in 
collections. Then follows a brief discussion on the origin of the 
schists, and the relationships of the series, in which lie announces 
that metamorphosed sedimentary rocks do not exist among the crys- 
talline schists of Colorado ; and finally concludes that the schists and 
massive rocks of Salida "represent a great series of surface lavas 
erupted in Algonkian time.*' They thus repeat, apparently, the erup- 
tive phases of the Nipigon series of the lake Superior region, and fall 
into the same .•'tratigraphic position. 

Ptihpaster euchan's Hall. By A. H. Cole. Bulletin, G. S. A., vol. iii, 
ipp. 512-514, with plate. This species, first described twenty-five years 
Ago, is now more accurately known by a very finely preserved speci- 
men found in July, 1891, in the Hamilton shales of the quarry belong- 
ing to Colgate university at Hamilton, N. Y, 

Orahamite in Texas. Mr. E. T. Dimblk (Am. Inst. M. E's,Oct. 1892) 
describes some occurrences of this carbon. There are two localities, 
both in the Tertiary ; the first at AVebb Bluff, AVebb Co., where it oc- 
.curs in the Eocene, associated with gypsum and efflorescent sulphur; 
ithe second locality, in Fayette Co., where the grahamite occurs on 
iBuckner's and O'Quinn's creeks, in connection with brown-coal. 
Analyses are given, which indicate a very high percentage of sul- 
iphur. 
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Some of Prof. ?^alihbuky'.s Criticisms on "Max and the Glaciae. 
Period." — I am indebted to Prof. Salisbury for kindly pointing out 
several errors of more or less importance in my recent volume om 
" Man and the Glacial Period ;" but so many of his criticisms are 
merely confident assertions of unproven points, that they should not 
all be allowed to pass without some notice. I will, however, limit 
myself t-o traversing only a few of his misplaced criticisms. 

1st. He says (p. 14) that I sliould have emphasized more than I 
did, the separation, indicated upon my map west of Pennsylvania, be- 
tween the extreme border of the glacial drift and the morainic accu- 
mulations, which lie declares to be a most significant point. On the 
contrary, I maintain that it is becoming more and more eTid:en>t tiaafc 
Prof. Salisbury enormously exaggerates the importance of thftt dis- 
tinction. Now that Mr. Leverett has brought the moraines of Ohio 
close down to my border line, and that we have given closer attention 
to the so-called'* fringe" or "attenuated border," in eastern Pennsylva- 
nia and in New Jersey, it is becoming more and more evident that the 
fringe is but an appendage of the terminal moraine. The fundamental 
errors of Prof. Salisbury's report upon " The Extra-Morainic Glacial 
Drift of New Jersey" (see An. Rep. for 1891, pp. 102, 108), were pretty 
clearly shown in the article by Prof. \. A. Wright in the Amkricax 
Geologist for October, pp. 207-216. These will appear in still clearer 
light upon the full publication of my own observntioiis in connection 
with my associate. 

Prof. Salisbury, in discussing the extra-morainic drift in New Jer- 
sey, has, beyond all question, failed to distinguish between the effect& 
of tlie secular disintegraticm of gneissoid rocks and the post-glacial 
oxidation of morainic material, and, so far as I could find, he has- 
failed to make any systematic attempt to determine the limits of the 
attenuated border of glacial deposits in the state. Following out the 
imperfectly formed plans of Prof. Lewis and myself, I have already 
determined this nearly half way across the state, and can speak with 
great positiveness as to the fact that the problem in New Jersey is 
not essentially diflFerent from the problem in Ohio, and that the great 
significance which Prof. Salisbury attributes to it in proof of his the- 
ory of two glacial epochs is without foundation. 

2d. In my paragraphs upon drumlins, alluded to by Prof. Salisbury ,. 
1 am expressly giving "the plausible explaHotion" of them presented 
by Prof. Davis. The view which Prof. Salisbury combats is one to 
which Prof. Davis gives his positive assent in his concluding sentence: 
" Under unending glacintion, the whole surface must be rubbed down 
smooth." Tt would seem scarcely necessary to explain to Mr. Salis- 
bury that the processes of accumulation and of degradation by both 
rivers and glaciers may be going on continuously in closely adjacent 
areas. Which shall predominate at any point depends largely upon 
the amount of material at command of the moving current. 
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3d. Prof. Salisburj'V paragraph concerning my position uixin the 
unity of the glacial epoch is ill considered and misleading. lie says 
that I should have indicated that my view is that of the minority. I 
am at a loss to know how I could have expressed that idea more 
clearly than I have done on page 110. in introducing my formal discus- 
sion of the subject, where all I claim is that, notwithstanding the po- 
sition of Pres. Chamberlin and many others, the theory of the unity 
of the glacial epoch " is capable of being maintained without for- 
feiting one's rights to the respect of his fellow geologists.*' As to 
what is the actual trend of sentiment, there is, however, much room 
for difference of opinion. One need not Ik; ashamed to be in company 
with such authorities upon glacial subjects as Dana, Hitchcock, Up- 
ham,Falsan, Prestwich, Kendall, Lamplugh, Hughes. Iloltz, Credner, 
iJiener, Nikitin, and numerous others. It is significant that Nikitin, 
4it the head of the geological survey of Russia, has just published a 
long paper in which lie maintains that the glacial deposits of that 
region give no evidence of more than one epoch. 

4th. Prof. Salisbury says that I maintain that oceanic waters 
"'probably" reached southern Illinois and Indiana. What I said was 
that *'it is jierhaps necessary to suppose," If Prof. Salisbury thinks 
that means probably, he is welcome to the opinion. 

5th. I will say but a few words concerning the Cincinnati ice-dam. 
I have taken pains to give my readers the information that upon this 
point there are differences of opinion, and that Prof. Chamberlin is 
opposes! to my view. 

Whether Prof. Chamberlin's strictures upon thisthpory,in his intro- 
duction to my report upon the subject, in Bulletin 58 of the United 
States (leological Survey, contain the final word upon the subject 
may be a fair question of doubt. .Vt any rate, I have not been 
ashamed to have the two documents circulated together ; for, to men- 
tion only two points in his introduction, we find Prof, (-hamberlin 
admitting that "the ice-sheet probably pushed across the river, and 
landed the bouldery drift south of it essentially in its present posi- 
tion." Now, the Canadian boulder, of which I give an illustration on 
jmge 63, is three feet and a half in diameter upon a hight of land fully 
six miles south of the river at its nearest point. How Prof. Ohamber- 
lin could maintain, as he does, p. 18. that the ponded water of the 
upper Ohio would probably lift "bodily" the mass of ice which carried 
these glacial deposits so far south of the river is more than 1 could 
ever understand, for the specific gravity of ice is such that seven or 
eight feet will remain under water when one is above. To have 
carried the glacial nuiterial into Kentucky as far as has been done by 
so thin a piece of ice that 5(X) feet of water would float it, is well-nigh 
an absurdity. 

As to other portions of his introduction, it is sufficient to say that 
doubtless many things were at first attributed to this probable ice- 
dam which must be explained by other causes. But that Prof. Cham- 
bc^rlin has explained </// the facts away is by no means so clear. In 
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the first place, it should be noted, that the upper Oliio and its tribu- 
taries occupy a vast area, and present a very complicated set of phe- 
nomena. Toward the exploration of this region and the untangling 
of tliese phenomena Prof. Chamberlin t^lls us (p. 22) that he spent 
twenty days. Hut, secondly, to say nothing of the far longer time 
which I have spent in the study of the phenomena. Prof. I, C. White, 
a geologist of the highest ability, who has spent his life in that region, 
and surveyed it most carefully, still maintains with great confidence 
that Prof. Chamberlin's explanation is utterly inade^iuate to account 
for all the facts. It should be added, however, that Prof. White's own 
mind has been wavering between the explanation afforded by the 
<'incinnati ice-dam (to which he at first gave his unqualified adhesion), 
and that afforded by a supposed extensive subsidence during the 
Champlain epoch (see Hull, of (Te(»l. Soc. of America, vol. i, pp. 477- 
479). 

In view of these facts, and witli additiimal evidence which I have 
recently collected, the CJincinnati ice-dam is an hypothesis which still 
gives fair promise of solving many of the geological anomalies in the 
< Quaternary deposits of the upper Ohio valley. 

6th. I am sorry to have misrepresented Prof. Chamberlin's posi- 
tion with reference to the wanderings of the north pole ; but in this I 
must in part lay the blame upon the Amkriuax Geolocjist, of which 
Prof. Salisbury was at the time editor, which thus reported Prof. 
Chamberlin's paper: **Prof. T. ('. (.hamberlin, in the afternoon, sum- 
marized the standing of several of the theories which have been sug- 
gested to explain the occurrence of the Ice age. After stating that 
the hypothesis of (^roU now fails to account for the phenomena, at 
least on this continent, he hastily sketched the theory of elevation as 
the cause of the cold, and offered as in his view most probable a 
change of the axis of the earth's rot«tit)n" (see American (4eolo(ii8t, 
Sept., 1891, p. 195). This was repented In a fuller report in the Octo- 
ber number, p. 237. 

7th. Finally, in res|)ect to the occurrence in America of pahcolithic 
implements in undisturbed gravel strata of glacial age, 
it is projier that I should here give a more detailed statement 
than I have elsewhere done. At the outset I may premise that the 
apparent monopoly of this evidence by Prof. Putnam and his associates 
in the Peabody Museum at Cambridge, Mass., has come about by a 
legitimate and natural process, which at the same time has probably 
interfered, to a considerable extent, witl^ the general spread of the 
specific information in hand. Early in the investigations of Dr. Ab- 
bott, at Trent4»n, >^. ,J., professor Putnam, who had lately become 
curator of the museum, with its large fund for prosecuting investiga- 
tions, satisfied himself of the genuineness of Dr. Abbott's discoveries, 
and at once retained him as an assistant in the work of the museum ; 
thus diverting to Cambridge all his discoveries at Trenton. Living 
on the ground during long-continued and extensive excavations made 
by the railroad, Dr. Abbott's opportunities were exceptionally favor- 
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able for making discoveries, and hence liis own prominence in the 
whole matter. 

It is important, however, to not^ that before taking up with Dr. 
Abbott^s work, professor Putnam took ample pains to satisfy himself 
of its character and correctness. In 1878 Prt>f J. D. Whitney visited 
Trenton in company with Mr. Oarr, assistant curator of the rnuseum. 
In the twelfth annual report Mr. Carr writes: " AVe were fortunate 
enough to find several of these implements in place. Prof. Whitney 
has no doubt as fo the antiquity of the drift, and we are both in full 
accord with Dr. .\bbott as to the artificial character of many of these 
implements." In reporting further upon this instance at the meeting 
of the Boston Society of Natural History, on January 19, 1881, Mr. 
Carr states that the circumstances were such that " it [i. r., one of the 
particular implements] must have been dejmsited at the time the 
containing bed was laid down." In 1879, and again in 1880 professor 
Putnam spent some time at Trenton, and succeeded in finding with 
his own hands "five unquestionable palirolithic implements from the 
gravel, at various depths and at different points." One of these was 
four feet below the surface soil and one foot in from the perpendicu- 
lar face which had just been exposed, and when* it was clear that the 
gravel had not been disturbed. A second one was eight feet l)elow 
the surface. (Proc. Boston 8oc. of Nat. Hist, for Jan. 19, 1881.) 

Up to 1881 Dr. Abbott had reported sixty implements of paheolithic 
type from recorded depths in the gravel. In several instances the 
implements were found in railroad excavations far back from the 
river front, at a depth of from ten to sixteen feet from the surface, 
where there could have been no *' creep " of the strata, and where it 
is impossible to believe that there could have been previously any ex- 
cavations. 

As confirming the entire trustworthiness of Dr. Abbott's observa- 
tions, it is to be noted that, with a single exception, all the imple- 
ments reported below the loam whicli constitutes the surface soil, are 
of argillite, while those upon the surface, which are innumerable, are 
chiefly of a different type, made from flint and jasper, or of other 
materia] of relative character. Another fact, which has always had 
great weight in my own mind, is one mentioned by the late professor 
C'arvill Lewis, in his chapter upon the subject at the end of Dr. Ab- 
bott's volume on "Primitive Industry." I have the more reason to 
feel the force of his conclusions, because the ])roof-sheets passed 
through Lewis' hands at the time we were together conducting the 
survey in Pennsylvania, soon after we had visited the deposits in ques- 
tion. The fact w^as this: professor Lewis had been at work for a con- 
siderable time in classifying and mapping the gravels in the Delaware 
valley, being all the time in ignorance of Dr. Abbott's work until his 
own results were definitely formulated. But after he had accurately 
determined the boundary between the glacial gravels and the far 
older gravels which surround them and spread over a considerable 
portion of the territory beyond, he found that the localities where 
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Mr. Carr, professor Putnam, and Dr. Abbott had reported finding their 
implements in undisturbed gravel, all fell within the limits of the 
glacial gravels, and had in no case been put outside of those limits. 
Now, Dr. Abbott's house is situated upon the older gravel ; but at the 
time of most of his discoveries he had not learned to distinguish the 
one gravel from the other. If these implements are all from the sur- 
face iand had been commingled with lower strata by excavations, 
landslides, or windfalls, there is no reason why they should not have 
been found in the older gravels as well as in those of glacial age. There 
is here a coincidence which is strongly confirmatory of the correct- 
ness of our conclusion that there is no mistake in believing that the 
implements were originally deposited with the gravel where they 
were found. 

Mr. Holmes has not yet published his observations, but I know, in 
general, what they are. He has watched the digging of an extensive 
sewer, in Trenton, and has not himself found any implements ; while 
many other persons have looked, more or less, for implements in hUu 
and have not found them. But negative evidence of this sort will 
have slight weight in the presence of the abundant and minute posi- 
tive evidence adduced, especially in view of the varying experience 
which the same individual often has in such discoveries. For exam- 
ple, professor Putnam found three of his implements in place in a 
single day. "A long-continued search on several following days failed 
of success in finding other specimens in place, although several were 
obtained from the talus." Furthermore, the general public has an 
exaggerated estimate of the frequency with which implements occur 
in these great gravel deposits. Even at Amiens, France, the casual 
visitor stands small chance of finding an implement in place ; 
while the practice there of sifting the gravel enables the workmen 
to find everything there is. The conditions under which the work is 
prosecuted at Trenton are not at all favorable for discovering every- 
thing which the gravel contains. 

As to Mr. Holmes* theory that all these implements are ** rejects" 
I think the error would be at once manifest to any one, upon inspect- 
ing the large collection at the Peabody Museum. But even if they 
are "rejects," if they are found in undisturbed strata of glacial age 
they are as good evidence of glacial man as perfect implements would 
be. But the implement discovered at Newcomerstown, Ohio (figured 
at p. 252 of my book, and of which I have given a full account in the 
proceedings of the AVestern Reserve Historical Society of Cleveland, 
Ohio), has been seen by Mr. Holmes and pronounced as complete and 
perfect as could be desired ; and this was found fifteen feet below the 
surface, where a railroad excavation was working into a glacial ter- 
race precisely like that at Trenton, and wiiere there could have been 
no previous disturbance of the soil. The discovery by Dr. Metz 
(another of Prof. Putnam's most competent assistants), of a perfectly 
formed implement in the glacial terrace on the Little Miami, at Mad- 
isonville, Ohio, is another well-established confirmation of the exist- 
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ence of glacial man in America. The existence of glacial man in 
America would seem, therefore, to be proved bej'ond "' reasonable 
doubt." Those who are expressing doubts are speaking, for the most 
part, in ignorance of evidence which has long been before the public. 
Probably, in my book, I should have had this class of doubters more 
in mind and have stated the evidence more fully. But there is a 
limit to what can be put into one small volume. 
Jfintmrtj 9th,lSUU. G. Fhkdehkk Wright. 

A Nkw Locality foh Mili.kkitk. For a number of years there have 
been noted occasionally in **geode collections" examined from different 
parts of Lee county in southeastern Iowa certain specimens contain- 
ing clear calcite crystals, traversed in different directions by minute, 
yellowish filaments, after the manner of the familiar Jierhen iVniiiour — 
the rutile needles in (|uartz. The "geodes" of the region are from the 
Keokuk limestone of the lower Carboniferous, orMississippian, series. 
As is well known they are spherical concretions of silicious matter, 
sometimes solid, often hollow and lined with crystals of quartz or cal- 
cite — veritable crystal grottoes in miniature. In size they vary from 
half an inch to two feet in diameter. Not unfrequently various 
metallic minerals in more or less well bounded crystallographic forms 
stud the outer surface of the calcites and quartzes, .\mong these 
may be mentioned sphalerite, chalcopyrite and iron pyrites. 

Recently in opening a large quarry in the vicinity of Keokuk in the 
compact Keokuk limestone some feet below the regular **geode bed," 
numerous cavities were encountered varying from several inches up 
to perhaps twenty inches. These hollows have large thickly set rhom- 
bohedrons of calcite jutting out towards the center. The faces are 
brightly polished and the edges are sharply cut. In some of the cal- 
cites have been found most beautiful tufts of closely arranged brass- 
yellow needles of millerite pointing from the center of attachment in 
all directions to a distance of one-half to two and one-half inches. In 
some of the examples the tufts are made up of hundreds of filaments, 
often so close together that the needles of different bunches are in- 
terwoven closely, forming a dense, matted mass. Often a large, per- 
fectly transparent calcite has a tuft of long millerites completely in- 
closed in it ; or part of the tuft may be imbedded in the lime crystal, 
the extremities of the needles left projecting outside. 

This is the first time that any of the nickel-bearing minerals have 
been reported from Iowa ; and the noting of the sulphide of the metal 
is therefore of considerable interest. The Keokuk occurrences are 
believed to be the most beautiful ever found in this country, if not in 
the world. 

Mr. C. A. Flannery of Keokuk has very lately come across another 
"pocket" of similar geodes containing millerite. One specimen of 
calcite covered thickly with needles of the nickel sulphide weighed 
over fifty pounds. Chaulks H. Kkvks. 
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The Topoguapiticat. ^ouk of the United States Geological "i^Mw- 
VEV. Your rejoinder to my letter on the topographical work of the 
U. S. Geological Survey, in the January number of the Geologist 
leaves little occasion for reply, since either implicitly or explicitly it 
admits nearly all of its corrections. There remain, however, one or 
two points concerning which a little further discussion may, in my 
judgment, be had with profit. 

My statement respecting the interpretation of the law defining the 
area of work of the Geological Survey was, that it was amended 
"after full discussion in C'ongress." This is correctly quoted by you 
and amended to rend "after full discussion in a CommiWe of tlw Ifonae.'' 
If you will consult the (^o)i</re8itioiiaf Iteconi, Vol. i\, pp. 2420-2424; 
Vol. X, pp. 4067-4274; Vol. XI, pp. 121, 131, 779, 2110, 2112, 2349; Vol. 
xiii, pp. 5923-5930, you will see that I wrote from full information and 
"Will, I am sure, withdraw your correction of my statement. 

The unqualified statement that "the duti^f and Gt'odrfic Snm'if nuis 
'fi'orL'iiKj, at that trrif tiinny nndi'r a /(ir-irarhhif/ scheme irhk'h lufd been 
in (fpt'i'tftion f(tr at'veral ///v/r^, under inithorifi/ of low, on a general map of 
the I'liited ^Sfates of a chararfer iiearhf identiral with that note he'uaj exe- 
euted bij the Vnited States (ieolot/ical Snrveif," is interesting, if true, but 
I fail to find any demonstration of it in your reply. That the Coast 
and (Geodetic Survey might have been willing to undertake the work, 
.may perhaps be conceded, but did it undertake it? True, it was 
engaged in geodetic trianguiation in various })arts of the interior. 
That is well known, but geodetic trianguiation is not map-making, nor 
•is it necessarily a prelude to map-making. The only act of the Coast 
Survey, known to me, suggesting an intention to map the interior was 
"the employment of Mr. II. F.AValling during the years 1881-2, to com- 
pile railroad and other map material and to supplement this compila- 
tion where needful by surveys. In this way some 1,600 scpiare miles 
in northern Maryland and West Virginia were mapped, on a field scale 
•of one mile to one inch in one hundred foot contours. The work in 
North Carolina and adjoining states to which you refer was purely 
:a compilation, on a scale of ten miles to one inch, in hachures. I 
gravely doubt whether the Coast Survey then regarded or now regards 
this as a part of a far-reaching scheme for mapping the country. 

I must repeat my statement that there has been no duplication of 
work and no clashing by the two organizations. This, it must be 
understood, is a (juestion of fact, not of rumor. 

Your position, as I understand it, is that, though the maps of the 
•U. S. Geological Survey are "useful and good" yet "Our chief objec- 
tion is against the agency that is carrying on the work." 

This brings into clear relief our chief diflFerence, which may be 
stated as follows: Is it desirable under present conditions to trans- 
fer the work from one bureau to the other? In considering this, it 
seems hardly worth while to discuss further the question as to which 
•bureau had authority to do the work ten years ago, or whether the 
'(•oast and (leodetic Survey was engaged in a far-reaching scheme for 
going about it at that time. These matters are interesting from a 
historical standpoint, but are hardly Jive issues to-day. 
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Let us consider the present situation for a moment. Our country 
fs to-day almost the only civilized nation which has no good map of 
its area, and scientific and industrial interests are suffering daily for 
lack of such a map. Every year that can be saved, in its completion, 
will save millions to our industries. Time and expense as well as 
quality should therefore be considered. 

The work is to-day, in law and in fact, in the hands of the (ieologicaP 
Survey, is being executed rapidly, efficiently and economically. More 
than one-fifth of the area of the country, excluding Alaska, has been 
mapped and those who use the maps agree with you that they are- 
useful and good. The (Geological Survey has a large corps of welP 
trained topographers, and is fully equipped for carrying on the work, 
to completion. 

All this is certainly favorable to maintaining the status quo. 

Now will the quality be improved, the time shortened or the ex- 
pense lessened by the transfer? And if by transfer, the quality could 
be improved, will such improvement compensate for the added time 
and expense attendant upon it? 

These are matters about which different opinions may be held, but 
in considering them let it be steadily remembered that the present 
status is producing, on the whole, satisfactory results, while the results, 
of a change are uncertain. Hknkv (taxnett. . 

]Vanhii}fj(on, Jan. /(!, ISihi. 

Mu. Takf'm kei*ly to Prof. llrLL. Permit me to correct some- 
erroneous statements in the criticism of my report in your December- 
number. On page No. 394 Mr. Hill says : "Concerning the age of the 
Trinity beds of my Trinity division for which Mr. Taff, without state- 
ment of authority or rea.son, substitutes the name Bosque." This 
statement is undoubtedly the result of an oversight or misconception 
on the X)art of the critic. I wish to say plainly that I did not apply 
the name "Bosque" to the Trinity beds as defined by Mr. Hill, more- 
over, I gave clear reasons why the Trinity and Glen Hose beds, his 
Trinity division, are inseparable parts of a tripartite division.* AVhy 
I did not apply the name Trinity to this clearly defined division is 
evident. The name Trinity division was given first to the Trinity 
sand bed by Mr. Ilill.t Later this Trinity division was thrown with 
the Glen Rose limestone for the reason that "1 have discovered," he 
says, "that tlie beds described under this general term (Trinity or 
Basal division) really include two stratigraphic subdivisioils separ- 
ated by distinct lithologic and paleontologic cliaracteristics,"i a 
peculiar reason why two beds should be classed under a single divi- 
sion. To augment further the confusion by applying the name Trinity 
to my new tripartite division when one of those subdivisions had been 
properly named "Trinity" would be altogether unreasonable. The 
rocks of the Bosque division are most beautifully developed and ex- 

*Geol Survey of Texas, Third Annual Rei)ort, 181M, pp. Noa. 300, 306, 3(<T, 311, 312, 823- 
and 824. See nlno details of ^ioctions of tho Boriciuc division. 

tGool. Survey of ArkanBaf>, 1888, Vol. if, p. ll«, et i^eq., (teol. Survey of Texat", Bulle- 
tin No. 4, 1889, p. XV, and FirKt Annual Report, 1889, p. No. 118. 

JThe Coinanclu' Series of the Texas-Arkansa.** R<\ifion, Bulletin (ieol. Society of 
America, p. ."Mtr). 
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posed along the Bosque river for a distance of more than fifty miles 
from its source. At no other locality has nature so well arranged aixd 
exposed these rocks for study, hence I gave the name Bosque division. 

Concerning the section of the Comanche series on page 395: My 
report covers the ground which has been gone over by Mr. Hill and 
others, but it is based entirely upon the observations of myself and 
my assistant, Mr. Leverett, with the exception of the description of 
the Comanche Peak section (Third Annual Report. Geol. Survey of 
Texas, 1891, p. 307) for which due credit is given Messrs. J. 8. Stone 
and AV. T. Davidson. None of Mr. Iliirs notes have ever been acces- 
sible to me, had I wished to use them. 

It is simply astonishing that Mr. Hill should place in parallel the 
order of succession of the rocks of the Comanche series in North 
Texas as published by me and that as published by himself, aiid state 
that they are the same, and claim that I had copied his. I should 
have thought it more reasonable had he complained that I had muti- 
lated his section. After working three years on the geology of the 
same formation in a single field and that too where the stratigraphy 
is as simple as that in the Cretaceous of north Texas, I should be 
blind indeed, if I had not obtained the correct succession of the rocks. 
After spending a part of the spring season of 1891 and the whole of 
the season of 1892 on the Comanche series between Brazos and Red 
rivers 1 w-as surprised to find that Mr. Hill had confounded the 
Exogyra Arietina bed with theDenison bed [See the Comanche Series 
of the Texas- Arkansas Region, Bulletin Geological Society of America, 
p. 517), that he had placed the Kiamitia clays in the Washita division 
without a reason (see Bulletin cited p. 515. By R. T. Hill. For cor- 
rection see Third Annual Report Geological Survey of Texas, 1891, 
pp. 275, and 344, by J. A. Taff), and that he should make his Goodland 
limestone the highest member of the Fredericksburg division when 
he states, and very truly, that it is, at least, the equivalent of the 
Comanche Peak beds (See Bulletin cited, pp. No. 514, 515). 

The line of demarcation between the Denison and Arietina beds, as 
shown by the fauna as well as by the strata themselves, was plainly 
evident to the writer while tracing it and studying the beds con- 
tinuousl}' through a distance of two hundred miles from Brazos river 
to Indian Territory line. In any good exposure of the rocks along the 
south side of the valley of Red river in Grayson and Cooke counties 
an abundant Fort Worth limestone fauna may be seen in a thin band 
of limestone between the Arietina and Denison beds. Further south 
in Denton, Tarrant, and Johnson counties this thin limestone in- 
creases, still bearing well defined characteristic Ft. Worth limestone 
fossils, until there are extensive strata of lime and marl leaving the 
Denison and Arietina beds widely separated. There is therefore no 
excuse, on the part of Mr. Hill, for the confusion, after spending the 
field-season of 1890 in this region. The contacts of all the other beds 
of the Comanche series have likewise been traced and mapped and 
the rocks carefully studied between Brazos and Red rivers. If, by 
this close detailed work, we establish the truth in the geology of the 
region we are content. 
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If I may be permitted to refer to such a subject, it behooves Mr* 
Hill to devote himself more closely to the observation of geological 
details in the field before trying to establisli even much of that which 
he has already published. 

That the name Fredericksburg was first given by Dr. Koemer to 
the rocks now bearing it, is not only true but is well know-n by Mr. 
Hill, as may be seen by reference to the following of his publications: 
Bull. No. 45 U. S. Geol. »Survey, p. 72, and Am. Jour. Sci., April, 1887, p. 
298. Dr. Roemer in "Kreidehildungen von Texas," as cit«d in above 
Bulletin, refers to the "Fredericksburg strata" and gives a list of fos- 
sils many of which are characteristic of the Fredericksburg division 
as arranged when named by Mr. Hill. 

It may be noted that throughout my report little reference was 
made to the works of geologists in the American Cretaceous, even 
such valuable works as those of Dr. C. A. White and others, but it 
must be borne in mind that my paper is simply a report on the strati- 
graphy of a fragment of a formation covering a limited area in the 
midst of an extensive field. No claim was made to extensive re- 
searches in the paleontology of the field — indeed anything like a 
connected and systematic study had never been made of the fossils 
as a whole. Most of the leading forms, however, w-ere known and 
they were sufficient for stratigraphic correlation. J. A. T.\kf. 



PERSONAL AND SCIENTIFIC NEWS. 



fTKOi.()(Ji('AL SociETV OK AMERICA. — The fifth annual meeting 
of the Geological Society of America was held in Ottawa, Can- 
ada, on December 28th, 20th and 80th, where convenient rooms 
in the l)oautiful Parliament buildings had been secured by the local 
committee. Thirty fellows in all were present. 

The society was called to order at ten o'clock on Wednesday 
morning, b}^ the president, Mr. G. K. Gilbert, after which his 
excellency, lord Stanley, governor-general of Canada, welcomed 
the visitors in a neat speech, in which he stated that though po- 
litically the United States iind Canada might be divided, yet in 
scientific work the two peoples were in perfect accord. He wel- 
comed them, as the representative of the queen in Canada, and 
also as a citizen of Ottawa. President (}ilbert acknowledged the 
welcome in a few words. 

Mr. Fairchild, the secretar}', then presented the annual report 
of the council, which stated that two meetings of the society had 
been held during the past year, one at Columbus, Ohio, with an 
attendance of twenty-three fellows, and the other at Rochester, 
along with the American Association for the Advancement of Sci- 
ence, when there was an attendance of thirty fellows. They had 
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lost three members by deatb, making a total of nine since the 
society was formed. 

The report of Mr. 1. C. White, the treasurer, showed that 
financially the society was in a flourishing condition. 

The election of officers for the coming year was then proceeded 
with, resulting as follows: 

President — Sir William Dawson. 
First Vice-President — T. C. Chamberlin. 
Second Vice-President — ^.T. J. Stevenson. 
Secretary — 11. L. Fairchild. 
Treasurer — I. C. White. 
Editor — J. Stanley-Brown. 

Members of the Council — E. A. Smith, C. 1). AValcott. 
Three new fellows were declared elected, viz.: J. F. Whiteaves, 
Ottawa ; H. F. Reid, Cleveland ; F. AV. Sardeson, Minneapolis. 

The remainder of the morning was occupied in reading three 
obituary notices, viz. : of Dr. T. Sterry Hunt, by professor R. 
Pumpelly; of Dr. J. S. Newberry, by Prof. J. F. Kemp; and of 
Dr. J. H. Chapin, by professor W. M. Davis. 

Wednesday afternoon was devoted to the reading of the follow- 
ing scientific papers: 
A. R. C. Selwyn — On the coals and petroleums of the Crow's 

Nest pass. Rocky mountains. 

Dr. Selwyn spoke at some length on this subject, referring to the 
enormous cjuantities of coal which have lately been found in the vi- 
cinity of Michel creek, near the Crow's Nest pass. After reviewing 
his work in this district, he went on to speak of the petroleum of the 
South Kootenai pass, in which two distinct occurrences w^ere noted. 
One of these is on (Jameron Falls brook where a heavy dark brown oil 
was found floating on the surface of the stream and in small pools ; 
the other is on Akamina brook, about six miles down the western 
slope in British Columbia, where the oil was found in a similar man- 
ner, but was of much lighter color and gravity. According to Dr. 
Selwyn, both these oils are from C-ambrian rocks. 

H. P. Brc:mell — On the geology of natural gas and petroleum in 

Ontario. 
H. P. Brt'mell — Note on the occurrence of Petroleum in Gaspe, 

Quebec. 

Mr. Brumell, in liis first paper, treated of the mode of occurrence 
and distribution of petroleum and natural gas in Ontario, and infer- 
entially brought out points suggesting the non-productive properties 
of the Trenton formation in the province, while the enormous quan- 
tities found in the Medina sandstone make him think that to that 
formation rather than to the older Trenton must the attention of gas 
operators be directed. Oil has been found in workable quantities in 
but one horizon — the Corniferous — though explorations have proved 
its existence in the Clinton (?) in Essex county, and in the Medina in 
AVeiland county. 

Mr. Bruniell's second paper was merely a note on the mode of occur- 
rence of oil in Gaspi'* county, (Quebec, where desultory work has been 
carried on for many years, the result being the establishment of tlie 
fact that deep-seated oil of superior quality exists, though in what 
quantity future development alone can tell. The oil is obtained from 
the limestones underlying the long series o.' Gasp<^ sandstones, and is 
of Lower Devonian or Upper Silurian age. 
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Sir J. William Dawson — Note on sponges found in the Cambro- 

Silurian at Little Metis, Canada. 

(Read in the absence of the author bj^ Mr. F. D. Adams.) 
J. F. Whiteaves^— Notes on the Devonian formation of Manitoba 

and the N. W. Territories. 

Mr. Whiteaves gave a short address in which he discussed the 
relationship of the fauna of the Devonian formation of northern Man- 
itoba with that of northern Europe. In Manitoba the Stringocephelus 
zone is remarkably clearly developed, and holds a rich fauna, 
whereas in the Mackenzie River district, most of the fossils so far col- 
lected seem to be from the Cuboides zone. 

Henry M. Ami — Notes on Cambrian fossils from the Selkirks 

and Rocky Mountain region of Canada. 

This paper was based mainly upon a collection of Lower and Middle 
Cambrian fossils made by the author in the summer of 1891. It con- 
tained notes on some eight species of Lower Cambrian (Olenellus 
zone) fossils from the gray, glossy and calcareous schists and lime- 
stones of the entrance to the Selkirks, some two miles west of 
Donald, British Columbia. The latter part of the paper dealt with 
the forms met with in the Middle Cambrian of mount Stephen in the 
Rocky mountains, near Field, B. ('., where the terrane is highly fossil- 
iferous. Upwards of twenty species have been recorded from this 
locality, many of which are very interesting and well-preserved. 

Henry M. Ami — On the Potsdam and Calciferous terranes of the 

Ottawa Palteozoic basin. 

The stratigraphical, lithological and paheontological relations of 
tlie Potsdam and Calciferous terranes, as seen and known in the 
Ottawa Paljoozoic basin and elsewhere were discussed in this paper; 
also the reference of these two terranes to the Cambro-Silurian or 
Ordovician epoch instead of to the Cambrian epoch, inferred from the 
internal evidence. 

R. D. Salisbury — Distinct glacial epochs, and the criteria for 

their recognition. 
J. B. Tyrrell — Pleistocene phenomena in the region southeast 

and east of lake Athabasca, Canada. 

The paper was the result of an exploration conducted by the author 
for the Canadian Geological Survey in the hitherto unexplored 
region lying southeast of Athabasca lake and north of Churchill. 
The region is underlain by Archaean gneisses, etc., and Paheozoic sand- 
stones, and has some strongly marked glacial features. The general 
course of the striation is soutl)-south-westward, but tow'ards the 
north it turns to the west down the great valley of Athabasca lake, 
while in the southern portion of the region it turns more directly 
southward towards the plains. The amount of true subglacial till 
appeared to be rather small, but great numbers of high drumlins, 
running with the glacial striii', were found in the basin of Cree 
lake and vicinity, and along Black river and around Black lake. These 
would appear to be formed from material frozen in the ice,and collected 
in ridges by currents in the glacier. Ridges of stratified sand or 
kames were also noted. 

The watershed north of Caribou river was an extensive sandy 
plain about the level of some high terraces around Cree lake, and was 
probably formed when the waters rushed southward from a circum- 
glacial lake. Terraces were also recorded about a hundred feet 
above Black lake, which is itself three hundred feet above lake 
Athabasca. Athabasca, Wollaston and Cree lakes lie along the line 
of contact of the Pahrozoic and Aniha-an rocks. 
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A great moraine was also noted a« forming the watershed between 
the Saskatchewan and Churchill rivers. 

On Wednesday evening Mr. W. J. McGee, of the United 
States Geological Survey delivered an illustrated lecture on '^A 
Fossil Earthquake," to a large and appreciative audience. About 
the year 1812 there was a severe earthquake in the Central United 
States, and as the historical records of this event were not very 
satisfactory, Mr. McGee spent considerable time going over the 
ground, and the lecture gave some of the results of his investi- 
gations. The center of the earth movement was on the Missis- 
sippi river, a short distance below Cairo. Some parts of the 
land were uplifted while others were depressed, and Reelfoot 
lake was formed. The lecture was an excellent example of 
inductive reasoning, clear proofs being given throughout, not 
only of the occurrence of the earthquake, but of the time at 
which it took place. In closing the proofs collected by the 
geologist were compared with contemporary records, and were 
found to agree perfcctl}'. 

A vote of thanks was moved by Sir James Grant and seconded 
by Mr. sheriff Sweatland, who humorously remarked that if at 
any time the ground should be too violently shaken in the 
country south of the international boundary line, the Canadians 
would always be pleased to offer their American friends a home 
on the more stable land of the northern part of the continent. 

On Thursday morning the society re-assembled in the Railway 
(^ommitteo room of the House of Commons. The report of the 
committee on photographs was first presented, after which the 
regular reading and discussion of papers was resumed. 
A. P. L(»w — Notes on the glacial geology of the northeast Terri- 
tories. 

This paper contained observation on the superficial geology in 
the northern part of the Province of Quebec, and along the Rupert, 
Kast ^Fain, Big, Great Whale and Clearwater rivers, all of which 
empty into Hudson bay on its east side. There are two sets of 
glacial stria* in this region, the older running from N. 30° E. to 8. 30" 
W.. and was evidently tlie direction of tlie ice flow during the period 
of greatest accumulation. The ice at that time pushed in a uniform 
direction from the highlands of central Labrador over the southern 
|)ortions of Quebec and Ontario. Tlie later ice markings show that 
the ice moved down from the interior plateau following the general 
slope of the country, thus moving directly south in northern Quebec 
towards the St. Lawrence, and westward towards Hudson bay on that 
watershed. At this jieriod the glacier formed a terminal moraine, 
the remains of which form a chain of large islands that extend north- 
ward two hundred miles from the south end, uj) the eastern third of 
.fames bay. These islands are wholly composed of unstratified drift. 
There is a marked absence of the finer material of the drift in the 
interior of Labrador, the surface being covered with innumerable 
boulders, often arranged in sharp drumlins. The post-glacial eleva- 
tion is marked by the limits • of stratified sand and clay, and by ter- 
races cut into them. The greatest elevation noted is on the Clear- 
water river, where these deposits are found 675 feet above the present 
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sea level. To the southward on the East Main river similar strati- 
fied sands and clays extend continuously inland for one hundred and 
ten miles, at tbat distance being about six hundred feet above sea 
level. Marine fossil shells occur in these beds forty miles inland. It 
is pointed out that as the elevation along the Atlantic coast of Lab- 
rador is only about 200 feet, by the theory, that the greatest elevation 
occurred in areas of the greatest accumulation, the ice-cap must have 
been much thicker on the west side of Labrador than on it-s eastern 
slope. 

Robert Chalmers — The bight of the bay of Fundy coast in the 
glacial period relative to sea level, as evidenced by marine fos- 
sils in the boulder clay at Saint John, New Brunswick. 

The fossiliferous boulder-clay referred to by the author, is found on 
the coast of the bay of Fundy, just west of Saint John harbor, and 
forms a bank from 40 to 60 feet in hight above sea level. Glacial 
striae, varying in direction from S. 2® W. to S. 65® E. (true merid- 
ian), occur on the rocks beneath it. The materials of the boulder- 
clay have all been brought from the north by land-ice. Intercalated 
in it are seams of stratified clay containing arctic shells ( Yoldia arc 
iica^ &c), in a good state of preservation. These are also found in 
the unstratified deposits immediately overlying the latter. The author 
therefore concludes, (1) that the boulder-clay here was produced by 
successive accretions of material in a zone of oscillation of the ice- 
front ; and, (2) that when the stratified and overlying unstratified 
portions were deposited the land must have stood 100 to 200 feet lower 
than at the present day. 

W. J.McGee — The Pleistocene history of north-eastern Iowa. 

Warren Upham — Eskers near Rochester, N. Y. 

Warren Upham — Comparison of Pleistocene and present ice 

sheets. 
G. Frederick Wright — The post-glacial outlet of the great 

lakes through lake Nipissing and the Mattawa river. 
N. H. Darton — On certain features in the distribution of the 

Columbia formation on the middle Atlantic slope. 

This paper was a description of relations indicating an interval of 
erosion between the depositions of the high-level ana low-level por- 
tions of the formation, beginning in soutliern Maryland and gradually 
increasing northward to New Jersey. 

George M. Dawson — Note on the geology of Middleton Island, 

Alaska. (Read by R. W. Ells. ) ' 

This short paper was devoted principally to the description of a 
boulder-clay or till from Middleton island, which is found to contain 
some marine fossils. 

Robert W. Ells — On the Laurentian of the Ottawa district. 

The author first discussed the early views of 8ir Wm. Logan on the 
structure of the Laurentian, north of the Ottawa, stated in the earlier 
reports of the Geological Survey, in which the estimated thickness of 
the rocks of the system, including the Anorthosites, then regarded as 
an integral part of a gradually ascending series of metamorphic sedi- 
ments, was stated at 32,750 feet. In this thickness were included at 
least four distinct bands of limestone, which were supposed to be sep- 
arated by areas of red orthoclase gneiss, in masses 3,(XX) to 4,000 
feet thick. The recent work in this district has shown that the Anor- 
thosite is an intrusive mass of later date than the gneiss and lime- 
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dtone, as is also the case with other areas, often of considerable size, 
of augen and syenitic gneiss, pyroxene and quartz-feldspar, formerly 
also classed as pyroxenic and quartzose gneiss, and regarded as an 
integral portion of the gneiss and limestone series. In regard to the 
structure of the calcareous portion the author held that the crystal- 
line limestones should be regarded as the upper member of the series' 
entirely, instead of being placed at widely separated horizons in the 
orthoclase gneiss, and that there is a gradual passage downward from 
the calcareous rocks into the gneisses,l)y the interstratifications in the 
lower part of thin bands of the latter. The foliation sometimes seen 
in the syenitic and augen-gneiss, and also in certain portions of the 
Anorthosite, is supposed to be due to the pressure by wnich the entire 
series was thrown into the crumpled state in which it is now found. 

The occurrence of economic minerals, such as apatite, graphite, 
mica and asbestos, is regarded as dependent upon, or influenced by, 
the intrusions of pyroxene and quartz-feldspar, or other igneous 
rocks, the api^tite being always confhied to the pyroxene dykes, 
except where it occurs in the form of crystals scattered through the 
limestone mass, or in veins in the pyroxene which. traverse that rock. 
The conclusion was stated that the series in ascending order is gneiss 
of various kinds, passing upward gradually into limestone, constitut- 
ing the Laurentian proper, and succeeded upward by the schists of 
the Hastings series of Vennor, which presumably constitute the low- 
est member of the Iluronian system. 

Robert Bell — The contact of the Laurentian and Huronian north 

of lake Huron. 

The writer gave a brief sketch of what he has called " The Great 
Belt of the Huronian rocks of Canada," which runs from lake Su- 
perior to lake Mistassini, a distance of 700 miles, following its general 
course. The so-called " typical Huronian " of lake Huron is only a 
small section of this belt, and a passing protest was made against the 
use of this term. The general relation of the Huronian to the Laur- 
entian was next referred to. The question as to the conformity or 
otherwise of the two systems involves the admission that the Laur- 
entian is an altered sedimentary series. As a rule, the stratification 
of the latter, whether due to pressure-foliation or to sedimentation 
was conformable with the aqueous stratification of the Huronian and 
the few exceptions to this which had been observed in C'anada ap- 
peared to be all due to faulting. 

Many geologists appear to suppose that the bedding of th(» 
Huronian rocks along the north shore of lake Huron dips generally 
at low angles. But even if it did so, this would be merely a local 
accident of structure and of no significance from a chronological 
point of view. The dips, however, are not at moderate angles, except 
in some limited areas. As a rule, they are at very high angles, ap- 
proaching the vertical — higher indeed than that of the Laurentian 
gneisses to the eastward. 

In tracing the several bands of the Huronian series along the north 
shore, thej' are found to strike with great regularity almost due east. 
But as they approach the contact of the Laurentian they appear to 
double round the east end of a great syncline, and part of them 
l)robably round two or three secondary basins, opposite the eastern 
part of Grand Manitoulin island. 

From the eastern extremity of lake Superior, the Great Belt fol- 
lows the north shore of lake Huron to Killarney, at the commence- 
ment of Georgian bay. Thence its south-eastern border turns inland 
and runs north-eastward to the Ottawa river. Along this boundary, 
on leaving lake Huron the stratification on either side is at first 
parallel or nearly so, but before we have followed the line of contact 
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twenty miles inland we find the bedding of the Huronian quartzites, 
&c. (which stands almost on edge), abutting upon the Laurentian, at 
nearly a right angle. The latter here consists of very regularly 
stratified gneiss running north-east and dipping uniformly soiitli- 
jeastward at an average angle of 60 . 

Near lake Huron a belt of red hornblende-granite intervenes be- 
tween the gneiss and the quartzite series, but in one part this is 
separated from the former by a belt of somewhat altered quartzitc, 
so that this granite may bo included within the Huronian rather than 
the Laurentian. 

There was clear evidence of a great dislocation between the (|uartz- 
ites on the one hand and the granite and gneiss on the otlier. The 
actual contact of the two sets of rocks is plainly seen at many places 
along the line. It is accompanied by much breaking up of the rocks 
on either side, forming not only coarse and fine breccias, but also sej)- 
arating masses of the quartzite hundreds of yards in length, from 
the main body. The latter phenomenon was explained as having 
been due to thrusts between secondary planes of fracture and the 
primary one. The -Huronian rocks were altered for a few hundred 
yards inward from the line of dislocation, grey wackes being converted 
into gneiss, silicious flags into mica-schist, etc. 

Continuing north-eastward, upon the boundary of the two systems, 
there was evidence of faulting along their contact where it follows thi» 
Wahnapita' river, at the intersection of the Canadian Pacific railway, 
as described in the report by the author, on the geology of the Sui- 
bury district (1891). Towards lake Temiscaming, on the Ottawa, the 
two sets of rocks might be conformable. A case of unconformity oc- 
curring on the Missinaibi river, north-east of lake Superior, had been 
mentioned in the author's Geological Survey report for 1875. 

Some of the elongated greenstone masses of the lake Huron 
region might have been originally outflows upon an uneven but ap- 
proximately horizontal surface. After having been deeply covered 
by other deposits, the whole series had now been tilted almost on 
edge and the greenstones appeared as if they might have had an intru- 
sive origin. 

The Huronian granites of the region described were, in some cases, 
at least, altered stratified rocks. lnterrui)t€d bands of quartzite and 
schist had been observed incorporated in the rather coarsely crystal- 
line homogeneous granite. 

On the other hand, the Huronian rcK*ks of the north shore of the 
lake include almost unaltered strata. In a brown sandstone of the 
series associated with mudstones and dolomites on Aird island, the 
author had discovered forms resembling fucoids or the trails of anne- 
lids, and he exhibited a ripple-marked slab on which these were very 
well seen. 

In the region described, the dependence of the present surface con- 
tours and other geographical features upon the nature of the funda- 
mental rocks and the conditions affecting them was very marked. 
One of the most striking examples was to be seen along the great 
fault which had been described. The Huronian country on the north- 
west was elevated and mountainous up to the very contact, and it 
overlooked the Laurentian area, which stretched far off to the east- 
ward as a comparatively level plain. 

On Thursday evening the visiting members of the Geological 
Society were entertained to a banquet by the Logan club, which 
consists of the scientific staff of the Canadian (reological Sur- 
vey. Among those present were lord Stanley, governor- general 
of Canada, Sir John Thompson, premier of the dominion, T. M. 
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Daly, minister of the interior, and many other distinguished Can- 
adians. 

After the viands had beert disposed of the toasts of the quven^ 
the president of the United States, and the governor-general were 
enthusiastically drunk. In responding to the latter, lord Stanley 
made a very felicitous speech, in which he expressed the great 
pleasure that it gave him to extend Canada's welcome to the sci- 
entific men from the adjoining republic, assuring them that the 
oftener they came, the more they would be appreciated, and the 
better it would be for both countries. He humorously referred to 
his abuadant opportunities for the study of geology and palaeon- 
tology on the road from the <iovemment house to the Parliament 
buildings. 

In answer to tlie toast of our guest s^ professor Emerson of Am- 
hurst college, made an admirably witty speech. He was followed 
by professor (t. F. Wright and Mr. W. J. McGee, the latter of 
whom proposed the toast of the Parliamcut of Canada. This 
was responded to by Sir John Thompson who said that on this, 
his first opportunity since becoming premier, of giving an outline 
of the policy of the government he could assure them that, on 
one point, at least, the parliament would be unanimous, and that 
was in offering a most cordial welcome to the scientists of Amer- 
ica. The ditferences of opinion in commercial and political mat- 
ters had no counterpart in science. 

The Geological Society of America was proposed hy Sir James 
(jrant, and answered by president Grilbert; the Geological Survey 
of Canada was proposed b}^ professor Fairchild and answered by 
Mr. Daly, minister of the interior, and the Press was answered by 
Mr. Shannon, editor of the Ottavft Citizen. The company then 
sang the British national anthem, and a very pleasant and profit- 
able evening was brought to a close. 

On Frida}' morning Mr. (1. K. Gilbert gave the annual presi- 
dential address on the subject "Problems of the ('ontinents. '" 

After alluding to the interest manifested at the present time in con- 
tinental and inter-continental subjects, and to the geological work of 
the coming Congress of (Geologists on the occasion of the World^s 
Fair at Chicago, Mr. Gilbert reviewed the broader of the problems in 
geophysics and geological history as they affect the continents. Ree- 
ugnizing the continental plateau, as distinct from the dry land conti- 
nents, it is a question how it is sustained, the rival theories being 
those of terrestrial rigidity and isostasy. The doctrine of isostasy is 
gaining adherents, but isnot universally accepted. If accepted, it 
leaves the question whether the lightness of continental rock material 
is due to relatively high temperature or to composition. For the ori- 
gin of the continents the only well-digested theory in the field is that 
of Dana, and that has not yet been fully compared with the body of 
new facts contributed by the last decade. The permanence of conti- 
nents, though widely accepted, is not yet fully established ; and the 
doctrine that continents have steadily grown from Archean to Pleis- 
tocene, though universally taught, is not yet placed beyond question. 
Thus the continents offer to the congress of next summer a number 
of fundamental problems worthy of tne most careful consideration. 
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After the presidential address the reading of papers was re- 
sumed: 
W. H. C. Smith - The Archsean rocks west of lake Superior. 

This paper gave a brief description of the rocks and their distribu- 
tion between the lake of the Woods and lake Superior north of the 
international boundary and referred to some of the theories of origin 
and structure of the various members of the Archspan system and to 
the iron ores and gold-bearing rocks of the region. 

Alfred E. Barlow — The relations of the Laurentian and Hurcm- 

ian rocks north of lake Huron. 

In this paper, which is a revision and extension of one published in 
the Amekioan Geologist of July, 1890, the writer traced the line of 
junction between the Laurentian and Huronian from Killarney (Shi- 
boananin^) on lake Huron, to Wahnapitie station on the Canadian 
Pacific railway (12 miles east of Sudbury). Brief descriptions were 
also given of the contacts exposed near Straight Lake station, and in 
the vicinity of Thessalon, Ont. The various phenomena were de- 
scribed in detail, and the general conclusion arrived at that the Lau- 
rentian gneiss is of irruptive origin and was in a magmatic condition 
at a time subsequent to the hardening of the Huronian sediments. 
There is thus no question as to conformity or unconformity between 
these two great divisions, as the contact, wherever exposed, shows 
abundant evidence of the intrusive nature of the gneiss, breaking 
through and altering the Huronian quartzites. 

C. R.Van HiSE — Thevolcanics of the Huronian south of lake 

Superior. 

On Friday afternoon Mr. W. J. McGee gave an interesting account 
of the work of the U.S. Geological Survey, both inregardto the gen- 
eral plan of its execution, and the scientific results aimed at or al- 
ready attained. The beautiful new atlas of portions of Tennessee 
was shown to give a clear idea of what was being accomplished with 
the combined efforts of the tx^pographical and the geological staffs. 

The next paper was : 
(\ WiLLARD Hayes and M..H. Campbell — Georaorphology of 

the southern Appalachians. 

This was presented by Mr. Hayes, who gave a clear and instructive 
account of the changes of level and configuration that the southern 
Appalacliian country has undergone in post-Mesozoic times. 

At half past three the society adjourned and the members went 
to the Government house where lady Stanley was giving an at 
home, *'to meet the members of the Geological Society* of Amer- 
ica.'" The toboggan slides and skating and curling rinks were 
open, while the (Irawing rooms were bright with the beauty of the 
Canadian capital. Here two exceed ingl}' pleasant hours were 
spent, enjoying the hospitality of the very charming Knglish lad y 
who is at present the leader of Canadian society. 

On Friday evening, December HO, the final meeting of the 
society was held, when the following papera were read: 
James McEvoy— Notes on the Gold range in British Columbia. 

A short description of the topography of the gold ranse and part of 
the adjoining interior plateau country, with notes on the glacial ge- 
ology of the same. 
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Israel C. Russell — A geological reconuoissance in the central 
part of the state of Washington. (Read by title. ) 

R. W. Ells — ^The importance of photography in illustrating 
geological structure. 

The latter was a verbal description of a series of large colored pho- 
tographs showing the mode of occurrence of apatite in the deposit of 
the Buckingham and Lievre district, as well as the relations of the 
intrusive apatite-bearing rocks to the surrounding j^neiss. The apa- 
tite was stated to occur m intrusive dykes of pyroxenite diorite, which 
in some places ran with the foliation of the gneiss, and in other places 
across it. 

Charles Rollix Keyes — Some Maryland granites and their 

origin. 

A brief sketch of the granitic rocks of Maryland with a summary 
of the reasons for regarding them as eruptive in origin. 

Charles Rollin Keves — Epidote as a primary corai>onent in 

granites. 

Occurrences of the mineral in certain granites regarded as eruptive 
described, the evidences of its original nature explained and its asso- 
ciations with the closely related alJanite considered. 

J. S. DiLLER — On the Cretaceous and Tertiary of the Pacific 

states. 

The Cretaceous of California, composed of the Knoxville, Horsetown, 
Wallala and Chico beds, has hitherto been regarded as an interrupted 
series. The Shasta (Lower Cretaceous) comprising the Knoxville and 
Horsetown beds, has been supposed to have been separated from the 
Chico (Upper Cretaceous) by a long time interval, the latter part of 
which was believed to be represented by the Wallala beds. 

Extensive field studies of the stratigraphy and collections of fossils 
from over eighty diflferent localities in the Cretaceous show that the 
Wallala is a part of tlie Chico and that the Shasta and Chico are not 
only conformable, but that over one-fourth and nearly one-half of the 
Shasta fossils continue up into the Chico. It is evident that there is 
faunal as well as stratigraphic continuity and that the sedimentation 
was uninterrupted throughout the Shasta-Chico series 

This series is unconformable on the Jura-Trias and Paleozoic rocks. 
About the close of the Jurassic in the northern Sierras and Klamath 
mountains of (^alifornia, the older strata were raised above the sea 
and exposed to subjrrial degradation. During the Cretaceous the 
land subsided and the sea transgressed upon the western base of the 
Sierra Nevada and almost the whole of northern California and Ore- 
gon, forming deposits of the older residuary material but little re- 
moved from its source. 

In Oregon the Eocene is unconformable on tlie Shasta-Chico series 
in such a way as to show the upturning and erosion of that series at 
the close of the Cretaceous. Of the mountain forming epochs on the 
Pacific coast, the one about the close of the Jurassic and the next at 
the close of the Cretaceous are considered to be among the greatest. 

T. W. Stanton. — On the Faunas of the Shasta and Chico 
Formations. 

The Cretaceous deposits of the Pacific coast of the United States 
have hitherto been supposed to contain at least two distinct faunas, 
the older of which characterizes the Shasta formation while the later 
occurs in the Chico and has been supposed to be intimately connected 
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with the Tejon, passing up without any break into a characteristic 
Eocene fauna. The Shasta fauna and the Chico fauna were believed 
to have so little in common that a time-hiatus was inferred to exist 
between them. 

The preserit paper, based principally on the study of Mr. J. S. 
Diller's collections from northern California, Oregon and Washington, 
shows that there is an intimate commingling of 8hasta and (-hico 
species and that all the fossils from both formations seem to belong 
to a single fauna. This is especially well shown in the collections 
from Horsetown and various localities on Cottonwood creek, Shasta 
county, California. 

The Shasta-Chico fauna contains many species that are closely re- 
lated to forms described from the English Blackdown beds (C4ault or 
( -enomanian), while very few, if any, of its species are identical with 
those found in the Upper ('retaceous beds in the interior of the United 
States east of the Rocky mountains. It is therefore suggested that a 
considerable part of the Upper (,' retaceous series may be lacking in 
the Pacific states. The conclusions reached concerning the relation- 
ship of the faunas of the Shasta and Chico formations are probably 
also true of the Queen Charlotte and Vancouver faunas of British 
(•olumbia. 

N. II. Dahton — Overthrust faults in eastern New York. 

(-rave an account, with illustrations, of some small but typical over- 
thrust faults in the rocks of eastern S'ew York. 

It was then moved by Mr. F. IX Adams, seconded bv Mr. C. 
R. Van Ilise, and unanimously carried, "that the thanks of the 
Society be tendered to his excellency, the governor-general of the 
dominion of Canada, for the cordial welcome which he extended 
to the Society, and to her excellency, lady Stanle}', for her very 
kind hospitality. To the Logan Club for its invitation to the So- 
ciety to meet in Ottawa and for its generous hospitalit}', and 
especially to its committee, consisting of Messrs. Selwyn, Ells, 
Tyrrell and W. H. Smith, whose untiring efforts have so largely 
contributed to the success of the meeting. To the Royal Society 
of Canada, for its invitation to meet in Ottawa, and its kind at- 
tentions during the Society's visit. And to the clerk of the 
House of Commons for the ample suite of rooms which he placed 
at the disposal of the Society during this, its fifth annual meet- 
ing. 

Before dispersing Messrs. Eairchild. Mc(f(^e and Emerson all 
gave voice to the general sentiment that the meeting was one of 
the most successful in the history of the society. 

To all the members present, and more especially to those from 
Ottawa itself, the meeting has a mournful interest, as it com- 
pleted the life work of Mr. W. H. Smith, the secretary of the 
local committee and a member of the staff of the Canadian Geo- 
logical Survey, whose constant attention did so much to make 
the meeting a success. 

After the reading of his paper, on Friday, he was obliged to 
keep to his home by an attack of acute catarrh. This developed 
into pleurisy, and to it he succumbed on the evening of January 
1 9th. 
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A CLASSIFICATION OF THE BRACHIOPODA. 

By CHARLE8 SciiucuERT, New Haven, Conn. 
Plate V. 

The class Brachiopoda, since 1858, has been divided by nearlj- 
all systematists into two orders, based on the absence or pres- 
ence of articulating processes. These divisions were recognized 
1)3' Deshayes as early as 1 835, but not until twenty-three years 
later were the names Lyopnmaia and Arthrojwniata given them by 
Owen. These terms have been generally adopted by writers, 
though some prefer Inartlculata and Articulata of Huxley, or 
lironn's Ecarditieii and TesticnnlineH. Bronn,'^in 1862, and King,'' 
in 1873, while retaining these divisions, considered the presence 
or absence of an anal opening more important than articulating 
processes, and accordingly proposed the terms Plfuropygia and 
Api/gia, and Tretenterata and CUstenterata^ respectively. Many 
paleozoic rostrate species of Clisteutn-ata, however, give evidence 
that an anal opening was also present, and, therefore, the absence 
or presence of this organ is not so persistent a character as that 
of a hinge. • 

Von Buch,* in 1834, also divided the class into two sections, 
founded on the mode of attachment. The first section contained 
all brachiojtbds fixed by a pedicle to foreign bodies, while the 
second is restricted to those forms in which there is no pedicle at 
maturity, the entire lower or ventral valve being cemented to other 
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objects, as in Crania. The first section is again divided into three 
groups, on the basis of the position of the pedicle, {a) pedicle 
emerging from between the valves, as in Lingula, {b) ventral 
valve perforated for the protrusion of the pedicle, and (c) unce- 
mented shells without a pedicle opening. The third group, how- 
ever, is identical with b, since LepUena^ Productiis and Sfropho- 
niena, genera referred to section c, do possess a pedicle opening. 
While this classification lacks a complete understanding of the 
features in question, it is remarkable that Von Buch, nearly sixty 
years ago, and Deslongchamps, • twenty-eight years later, recognized 
some of the principles upon which the classification of the Brach- 
iopoda is now being established, viz. : the nature of the pedicle 
opening. 

Up to 1846 the general external features of brachiopods served 
the majority of authors as the essential basis for generic differ- 
entiation. In that year, however, King* pointed out that more 
fundamental and constant characters exist in the interior of the 
shell, a fact which soon came to be generally recognized, mainly 
through the voluminous writings of Thomas Davidson. 

In 1848, Gray,* probably stimulated by King's' paper, divided 
the Brachiopoda into two sub-classes, Ancylopoda and Hdicto- 
poda. These divisions rest entirely on the basis of the arm struct- 
ure and the presence or absence of a calcareous support.. The 
Ancylopoda are distinguished in having the **oral arms recurved 
and affixed to fixed appendages on the disk of the ventral [dorsal] 
valve," while in Hclictopoda '^theyare regularly spirally twisted 
when at rest." The brachia, however, in all recent species, are 
recurved and more or less spirally enrolled, except in some gera- 
tologous forms of loop- bearing genera, as Cistella and Gwynia. 
Therefore Hdictopoda^ as far as the arm structure is concerned, 
will also include the Ancylopoda. In fact, to the former he 
referred only the terebratuloids, if Thecidinm is excluded, while 
Ancylopttda contained all other brachiopods whether articulate or 
inarticulate forms. These sub-classes are further divided, on the 
basis of the brachia, into fyur orders, Ancylobrachia^ Crypto- 
brachifty Sclvrobrachia, and Sarcicobrachia. Of these the first 
only can be retained as a sub-order, since it includes the loop- 
!)earing genera. The other orders have so heterogeneous an as- 
semblage of forms as to be of no permanent value. 

Beyond the introduction o" new families, no further attempt 
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was made by writers to divide the Brachiopoda into other orders 
than Lyoponiata and Arthropomata until 1883, when Waagen* 
published his great work on the fossils of this class from the Salt 
Range group of India. He found it "absolutely necessary" to fur- 
ther divide the Lyoponiata and Arthropomata each into three subor- 
ders. The basis for these suborders has no underlying principle 
of general application, yet the divisions are of permanent value, 
for each contains an assemblage of characters not to be found in 
any of the others. Waagen's genealogy of the Arthropomata^ 
with Orthis as the prototype, falls at once to the ground, since 
Hall" has recently shown that probably no true Orthix exists in 
the primordial. The orthis-like shells of the primordial are forms 
either with a deltidium or a spondylium (the interior spoon-shaped 
plate of pentameroids) or both plates present in the same individ- 
ual. Ephebolic Orthis do not possess either structure, but during 
nepionic and early nealogic growth may develop a deltidium, 
which, before maturity is attained, is lost by abrasion or con- 
cealed by the incurvature of the ventral beak. Lingula, on the 
other hand, is usually regarded as the prototype for all brachio- 
pods, but this is impossible, slnc^ a number of inarticulate genera 
flourished for ages before Lingula was developed. 

Xo classification can be natural and permailent unless based on 
the history of the class (chronogenesis) and the ontogeny of the 
individual. However, as long as the structure of the early pale- 
ozoic genera remained practically unknown and the ontogeny un- 
touched, nothing could be attempted of a permanent nature. 
Recently a work" upon paleozoic brachiopods has been published, 
in which many of the early genera are clearly defined, so that 
their structures and geologic sequence are now more accurately 
known. The ontogenetic study of paleozoic species was initiated 
two years ago b}' Beecher and Clarke," and the results combined 
with those derived from the development of some recent species, 
and published by Kovalewsky, Morse, Shipley, Brooks and others, 
confirm the conclusions reached through chronogenesis. More- 
over, the application by Dr. Beecher, "• ^' of the law of morphogen- 
esis as defined by Hyatt,*' ^" and the recognition and establishment 
of certain primary characters, have resulted in the discovery of a 
fundamental structure of general application to the classification 
of these organisms. It has for its basis tbe nature of the pedicle 
opening and the stagea of shell growth. On this the author has 
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divided the class into four orders, the Atrvmnin^ Nfotrpmata^ Pro- 
tremata and Telotremata. In the Atrenuitn^ the pedicle passes 
< -freely from between the two valves, the opening being more or j 

less shared by both," while in the A^eofreniafa, the pedicle opening y 

is restricted to one valve, the ventral, < ^remaining open in primi- 
tive mature forms ITrematiihe], becoming enclosed in secondary 
forms during nealogic stages IDiscinida^, and in derived types 
enclosed in early nealogic or nepionie stages lAcrotretidw^.'' In 
the Frotreniata^ there is a deltidium (the pseudo-deltidium of 
authors), which, in the earliest primordial, appears to begin as a 
short plate covering but a small portion of the delthyrium (Kutor- i 

gina cliigulata after Walcott, according to Beecher). This plate 
rapidly attains its full growth, closing the entire delthyrium of 
the ventral valve, as in Clltamhonitrs and BiUhigsella^ while in 
the Orthidw it is developed only during nepionie or nealogic 
growth. The delthyrium in the TtJotrcmata is without any trace of 
covering during nepionie growth, but during the succeeding stages 
there grow out from the walls of the former two plates (the del- 
tidial plates) which usually meet medially, and may become 
anchvlosed. 

It is remarkable that three of the four types of pedicle openings 
should appear in the earliest known horizon of the primordial, yet 
fundamental structures in other classes of organisms have devel- 
oped with equal rapidity. Prof. Hyatt* says *'the acknowledged 
sudden appearance of the larger number of all the distinct types 
of invertebrata in the paleozoic, and of the greater number of all 
existing and fossil types before the expiration of the paleozoic 
time, speak strongly' for the quicker evolution of forms in the 
paleozoic and indicate a general law of evolution. This, we think, 
can be formulated as follows: Tj-pes are evolved more quickly 
and exhibit greater structural differences between genetic groups of 
the same stock while still near the point of origin, than they do 
subsequently. The variations or differences may take place 
quickly in the fundamental structural characteristics, and even 
the embryos may become different when in the earliest period, 
but subsequently only more superficial structures become subject 
to great variations." All the fundamental structures, as the 
four types of pedicle openings and the various calcareous sup- 
ports of the brachia, were in existence during the Trenton period 
of the Lower Silurian. 
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In tracing the four types of pedicle openings to their origin, it 
Is found that the Tt'Jotrenmta were the last to appear, having been 
developed in the Pentamfruhv. of the Protmnnta. The Atreniata 
gave rise to the N^^otremata and Protremata. Since Lhigula of 
the Atremata is not the prototype for the class as it passes through 
a paterina and obolella stage, this must be looked for in a shell 
not passing through more than one stage. Paterina is this ty^pe^ 
being the most primitive genus known, as well as the adult form 
representing the embryonic shell or protegulum of other brachio- 
pods. The Atrematn through the Trpmatidtf gave origin to the 
Neotremata, while the Pirotremata originated in KntorghinUvy 
which is one of the first steps from the inarticulate towards the 
articulate forms. 

Of secondary value for classification the writer has relied on 
the presence or absence of a straight hinge line, internal plates, 
calcareous brachial supports, and reversional or geratologous 
development. In some families, containing chiefly rostrate 
forms, as in the Pnitameridtv and .Nitcleoxjnruiiv, there are genera 
with short straight hinge lines. In other families where long 
hinges are prevalent, rostrate examples, as in the Orthidfv and 
Spiri/frtdtf^ are found. The exceptions are either specializa- 
tions or reversional tendencies, and when sufficiently pronounced- 
are regarded as of subfamil}' importance. Examples of ger- 
atology are present in most of the four orders, but particu- 
larly in the Ter/'hratelh'dff, where the Megathyrhife and Kranis- 
iinimv have partially or entirely lost their calcareous brachial 
appendages. 

The accompanying plate, (pi. v.) giving the apparent genesis 
of the families and their geological distribution, is added so that 
students can have before them on a single page a summary of the 
classification here proposed. It should be borne in mind, how- 
ever, that the lines are but a graphic expression of our present 
information of the class, and that future studj' may change their 
arrangement. * 

DalF in his Index says '*from the preceding list it appears 
that about four hundred and sixty-three generic and subgeneric 
names have been rightly or wrongh' associated with the group of 

*The names Lhu/ulasmiUln' and Orthifdnifl.r should be changed to 
Lingulagmatido' and Clitamboniffdiv. 
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Brachiopoda. * * * Of all these onh- about one hundred 
and thirty have been at all generally accepted." It should be 
stated that many of the synonyms are errors in composition and 
corrections in orthography. 

In the following list there are two hundred and seventj'-seven 
valid genera or sabgenera, a growth of more than twofold since 
the date (1877) of Dall's Index. Forty-seven families or subfami- 
lies are here recognized, while in that list there are but eighteen. 

An analysis of the table of geological distribution shows con- 
clusively that the class attained its climax of diversity during 
paleozoic time. In the lower third of the primordial, the Olenel- 
lus horizon, three of the four orders are already present, while 
the fourth originates in the lower portion of the Lower Silurian. 
Not even a single suborder was introduced subsequent to the 
Lower Silurian. Of the forty-seven families and subfamilies con- 
stituting the class, thirty-six became differentiated in the paleo- 
zoic, and of these, twenty-seven disappeared with it, while but 
nine continued into the mesozoic. Of paleozoic families, six are 
represented by living species, viz. : LinguUdcp^ Discinidve^ Cm- 
Htidif, Thecidiidd'j RhynchonelUdiv^ and Terehratulkliv. 

Of the two hundred and seventy-eight genera now in use, one 
hundred and eighty-six had their origin in paleozoic seas, or two- 
thirds of the entire class, and of this great number but seven are 
known to pass into the mesozoic, viz. : Lingnlu^ Orbiculoidpa, 
Crania, Spiri/erina, Atligris, Terebnifula, and Hemipty china. 
Besides these, Cyrtina and Rvtzia are often mentioned as occur- 
ring in the Triassic, but the species probably belong to other 
genera. 

In the primordial, brachiopods are not numerous. The}' usu- 
ally differ fundamentally from each other, and do not appear to 
have been persistent, as but four of the twenty-two genera pass 
into the Lower Silurian. In the Silurian and Devonian, the class 
is very prolific in species and genera. Of the fifty-one genera 
occurring in the Carboniferous but seven are known to have sur- 
vived the break between the paleozoic and mesozoic. During the 
latter period, the spire- bearing brachiopods pass .out of existence, 
while the great paleozoic suborder I'hecacea is represented by a 
few small species of the Thee id it da- which continued to be repre- 
sented up to the present time. The Ttrehratnlida' had their in- 
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ception in the Lower Silurian, but are not a pronounced paleozoic 
group. However, on reaching the Jurassic and Cretaceous, the 
rocks fairly abound with their shells, and from that time on they 
are the chief representatives of the class. Lingula and Crania 
are present in the Lower Silurian, and as far as can be determined 
have persisted to the present time. 

The Atremata, which contains the oldest and the simplest 
forms structurally, is represented by twenty-four genera, while 
the Neotremata and Protremata originating almost simul- 
taneously from the former have thirty -one and eighty- two, re- 
spectively. The Tclotrevmta had its origin in the Neotremata. 
It is the last order to appear, and has by far the greatest number 
of genera, one hundred and thirty-eight. 

To Dr. C. B. Beecher the writer is indebted for many valuable 
suggestions, as well as for the careful reading of the manuscript 
of this paper. 
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Synonyms are In brevier ander the name to which they are referred. 

An interrogation mark before a name indicates that the family or stibordinal relation 
is in doubt. 

BRACHIOPODA* 

(Cuvier 1802), Dumeril 1806. 
Spirobranchiophora, Gray 1821 ; Palliobranchiata, Blainville 1824 ; 
Branchiopoda, Risso 1828 (not Latreille) ; Brachiopodidse. Broderip 
1839; Branchionopoda, Agassiz 1847; Brachionacephala, Bronn 1862; 
Spirobranchia, Ilaeckel ; Branchionobranchia, Pwtel 1875. 

Subclass LYOPOMATA, Owen 1858. 
Helictopoda (part), and Sarcicobrachia (part), Gray 1848, King 1850; 
Pleuropygia, and Ecardines, Bronn 1862; Inarticulata, Huxley 1864; 
Tretenterata, King 1873. 

Order Atrematat* Beecher 1891. 
Mesokaiilia, Waagen 1885. 

1. Family P.VTERiNiDiB^t n. fam. 
Paterina, Beecher 1891. 

2. Family Obolid^e,! King 1846. 



Obolella, Billings 1861. 
Dicellomus, Hall 1871. 
Klkania, Ford 1886. 

Neobolus, Waagen 1885. 

? Spondylobolus, McCoy 18r)2. 



Obolus, Kichwald 1829. 

Ungula, Pander 1830. 
Ungulites, Bronn 1848. 
Aulonotreta, Kutorga 1848. 
Acritis, Volborth 1868. 
Schniidtia, Volborth 1869 (not 
Bals-Oriv. 1863). 



*Thi8 order iei characteriised by the pediclo passing out freely between the valves, while 
in the Nbotrcxata it i(i restricted to one valve emerging through a variously modified 
opening. 

iPateritiii^ of the lowest primordial, Is the simplest shelled condition of brachiopods 
known. Its growth lines show that it does not nasnthrougli distinct stages of growth in 
the shell as do all other families of this class. Searly all brachiopods beffln their shelled 
existence with a paterina-like stage. The protegulnra or embryonic shell, of the 
Brachiopoda is minute, and therefore usually not observable on mature specimens, but 
where well-preserved young, either fossil or recent, have been accessible it ie always 
seen to be present, inarticulate species or the dorsal valve of articulate forms often 
retain it in the mature condition. The protegulum is homologous with the protoconch 
of cephalopoda and gastropods and the prodTssocoiich of i>elecypods. Paterina^ there- 
fore, represents a form of growth common to the protegulum and nepionic stages of the 
majority of brachiopods. 

^Thelingnla-shaped shells with obolelloid interiors, the LmauLKLLiDiB, are removed 
from this family sUice it is verv probable that from them developed the Lisqvudm. In 
this connection, the writer wishes to state that Linguleila^ as here understood, is based 
on L. ealata Hall, sp., and L. ella Hall and Whitfield. 

The obolellolds are thicker, more calcareous, and rounder shells than the Linoulbll- 
iDiB, and in all probability gave origin to the Tbimekblud^. 
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3. Family Trim£RELlii).9j:, Davidson and King 1874. 



? Jiakmina, (Ehlert 1887. 

Davidsonelln, Waageii 1885 
(not Munier-Chalmas 1880). 
Dinobolus, Hall 1871. 

Conradia, Hall MS. 1862. 
Obolellina, Billings 1871. 
Ungulites, Qiienstedt 1871 
(not Bronn 1848). 



Monomorella, Billings 1871. 
Trimerella, Billings 1862. 

Gotlandia, Dall 1870. 
Rhvnoljolus, Hall 1874. 



2'. Family Linoulellid/E,* n. fam. 



Lingulella, Salter 1866. 
Lingulepis, Hall 1863. 
Leptobolus, Hall 1871. 



Paterula, Barrande 1879. 
Cyclus, Barrande 1879. 
?Mickwitzia, Schmidt 1888. 



2". Family LiNGULiDiE, Gray 1840. 



Lingula, Brugui^re 1792. 

Pharetra, Bolton 1798. 
Lingularius, Dumeril 18(K>. 
Glossina, Phillips 1848. 



Dignomia, Hall 1871. 
Glottidia, Dall 1870. 
Barroisella, Hall 1892. 



Thomasina, Hall 1892. 
3'. Family LiNOULA8MATii)i«,t n. fam., Winchell and Schuchert. 



Lingnlops, Hall 1871. 



Lingulasma* Ulrich 1889. 
Lin^iiielaKnia, Miller 1889. 



Order Neotremata,i Beecher 1891. 

Subonler Daikaulia,il Waagen 1885. 

1. Family TREMATiDi«, n. fam. 
Discinolepis, Waagen 1885. I Schizobolus, Ulrich 1886. 



^See foot-note to the Oboliv^. 

-KThe species of tbiii family are platform-bearing lingnlie. Internally their relations- 
are with the TiuMBRXLLiDiB. but tne elongate tthape and stronglv phoephatic natbre of 
their shells combined with their later appearance in geologic time give strong support 
to the view that they have originated from another phylum, the Iavqvxahm.^ rather than 
that which gave rise to the TRiMBRBLLiOiK, the OBOLiDiic. 

^**Pedicle fissure remaining open in primitive mature forms, becoming enclosed in« 
secondary forms during neaiogic stages, and In derived types encloned in early nealoglc 
or neplonlc stages." 

{The suborder Daixaclia contains the inarticulate uncemented species in which the- 
pasaase for the pedicle is through one valve during all nealoeic and ephebollc stages of 
growth. In the TigexATiDje is probably Inditated one of the first ttteps from the 
Oboud^a towards the AcnorBBTiDA. Succeedintr growth to the protegulum, in the 
former family, is not holoperipheral, but ceases at its straight cardinal line, 
leaving, posterior to the protegnlani, a more or letts wide triangular notch in the ventral 
valve. In the DisciifiD^, early erowth is as in the Trbxatidje, but before maturity is 
attained the two sides of the pedicle passage are gradually brought together, forming a 
long narrow depression in the shell, at the anterior end of which the pedicle emergen. 
The reduction in sixe of the pedicle notch progressed rapidly in the AcrotrbtidjE to- 
wards a small circular perforation. In these families, the protegulum is invariably sit- 
uated at the anterior end of the pedicle passage, while in the dorsal valve it is marginal 
In the SiPHONOTRBTiD^s, during younger Bt^;es of growth, the pedicle opening was 
probably marginal, but long before maturity is attained the opening is carried anteriorly 
through the protegulum and neuiontc growth by resorption of the i«hell, while n deposi- 
tion takes place posteriorly uncierneath the pedicle. 
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Trematis, Sharpe 1847. 

Orbicella, d'Orbigny 1847. 
Schizocrania, Hall and Whit- 
field 1875. 



(Ehlertella, Hall 1890. 

Lingulodiscina, Whitfield '90. 
? Monol)olina. Salter 1865. 



2. Family DiscinidjE, Gray 1840 
()rbiculidHsMc(;oy 1844. 
Orbiculoidea. dOrbigny 1847. Discina, Lamarck 1819. 

Schizotreta, Kutorga 1848. 
Lindstroemella, Hall 1890. 
R(Bmerella, Hall 1890. 



Orblciila, 8(»werby 1830 (not 
Ciivier 1798). 
Discinisca, Dall 1871. 



2'. Family Acbotretii>.«, n. fam. 



Iphidea, Billings 1 872. 
Acrothcle, Linnarsson 1876. 
Linnarssonia, Walcott 1885. 
Discinopsis (Matthew). Hall 



Aerotreta, Kutorga 1848. 
Conotreta, Walcott 1889. 
? Mesotreta, Kutorga 1848. 
? Volborthia, von Mnller 1873. 



1892. 

:J. Family SiPiiONOTRETiDiE, Kutorga 1848. 



Siphonotreta, de Verneuil 1845 
♦Schizambon, Walcott 1884. 
8ehiziunbonin, (Khlert 1887. 



? Keyserlingia, Pander 1861. 
? Helmersenia, Pander 1861. 



SulK)rder Gasteropegfin&ta, Waagen 1885. 

Family Craniid.*, King 1846. 
Orbieulre, Deshayes 1830; CraniadR>, Gray 1840. 



€rania, Retzins 1781. 

Xummulus, StoboDUS 1732. 
('riopus, Poll 1791. 
Criopoderma, Poll 1795. 
Drbicula, Guvier 1798 (not 

Sowerby 1830). 
Orbicular! U8, Dunieril 1806. 
( ■raniolites, Schlotheim 1820. 
Discina, Turton 1832 (not 

Lamarck 1819). 
Criopododerma, Agassiz 1846. 
( ■honiopora, Schauroth 1854. 



Craniella, (Ehlert 1888. 

Cardinocrania, Waagen 1885. 

Ancistrocrania, Dall 1877. 

Cranopsis, Dall 1871 (n(»t A. 
Adams). 
Craniscus, Dall 1871. ' 

Siphonaria, Quenstedt 1851 
(not Sowerby). 
Pholidops, Hall 1860. 

C^raniops, Hall 1859. 
Pscudocrania, McCoy 1851. 
Palieocrania, Quenstedt 1871- 



Subclass ARTHROPOMATA, Owen 1858. 
Helictopoda (part), Sarcicobrachia (part), Ancylopoda and Acylo- 
braehia, Gray 1848 ; Apygia, Testieardines, Liiieicardines and Denti- 
<!ardinei!i, Bronn 1862; Articulata, Huxley 1864; (-listenterata, King 
1873. 
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Order Protremata,* Beecher 1891. 

Suborder Trullacea«t n. suborder. 

Aphaneropegmata (part), and Productacea (part), AVaagen 1883; 
Eleutherobranchiata (part), Neumayr 1883. 

1. Family Kutorginid^,! n, fara. 
Kutorgina, Billings 1861. | Schizopholis, Waagen 1885. 

2. Family Clitambonitid-s:.? n. fam., Winchell and Schuchert. 

Orthisida? (part), d'Orbigny 1849; Orthisina?, Waagen 1884. 
Olitambonites, Pander 1830. 

Pronit«s, Pander 1830. 
Gonambonites, Pander 1830. 
Orthisina, d*Orbigny, 1847. 
PolytciKihia, Hall 1892. 



Protorthis, Hall 1892. 
Hemipronites, Pander 1830. 
Scenidium, Hall 1860. 

Mystrophora, Kayser 1871. 



2'. Family PENTAMERiDii:, McCoy 1844. 

Ifypothynda' (part), King 1850 ; Pentameridix?, Hall 1867 ; Camero- 
phoriina* and Pentamerina*, Waagen 1883 ; Stenochismatinw and Con- 
chidiinas (Khlert 1887. 

*SoDie of the oldent forniH of this order have at maturity au incomplete deltidiain, 
which rapidly attained itH full development, bo that in other specie* it covers the entire 

• delttiyriam of the ventral valve. In the ORTuiOiis, the deltidium is usually absent or ru- 
dimentary at maturity, but may be present In the neplonic and sometimes in early nealo- 
gic Ptagei*. 

tT^ru/Za, ascoop. Having reference to the spoon-shaped plate in the ventral valve 

• ("spondylium" of Hall), to the upper surface of which were attached the adductor, ventral 
pedicle and divarlcator muscles. 

The species of this suborder are the earliest articulate forms known. In the lowest 
primordial, there are long-hinged and rostrate forms, having usually a spondylium and 
■ deltidium. These structures are regarded as of prime impoiiance in classification, and 
species possessing them are therefore placed at the base of the Arthropomata. and are 
-considered as ancestral forms for all articulate genera. After these parts are fully devel- 
oped, the tendency, in geologic sequence, is to eliminate the spondylium, retaining the 
deltidium in the Thkcacka, while in the Pentambridac the reverse has usually taken 
place. Forms wider than long , having a spondylium and usually a deltidium, the Cli- 
'TAXBONiTiDiB, became extinct with the^evonlan, while the rostrate genera, in which the 
deltidium is commonly rudimentary or absent, persist to the close of the paleozoic age. 
Those forms with a deltidium and no spondylium, the Thecacba, appear to be present in 
the lowest primordial, but are not characteristic until the upper thira Is attained, and are 
still living in Theciaium. At the base of the Lower Silurian, species are developed 
withont eUher of these structures, the Orthid^, passing out of existence with the pal- 
-eozoic. The KHYMCHoiiBLLiDiR were in all probability derived from the PENTAXBBiDiC, 
and from them developed almost simultaneously the UEucoPBOMATAand Ancylobva- 
•caiA. 

i^The genera referred to this family have usually been placed among the Ltopoxata. 
Kutorgtna Hngulata, Billings, the type of Kutoraina. as described and illustrated by 
Waloott (Bull. no. 80, U. 8. Geol. Surv.), has more the characters of an articulate than au 
Inarticulate bracl\jopod. This species has rudimentary articulating processes. Good 
•examples of it show that the lateral walls of the ventral cardinal area are linear. Increas- 
ing in width towards the line of junction of this valve with the dorsal, and it is here that 
the radimentary teeth are situated. In Schizopholis^ the rudimentary cardinal walls of 
K*itorgina are fully developed, the delthvrium is reduced to a narrow triangular Assure, 
which In the latter nearly occupies the entire posterior area. Beecher has also 
•observed that K. Hngulata has a snort, perforated, deltidium in the apical portion of the 
ventral valve. 

{This family is proposed for the long-hinged forms with spondylla, the majoritv of 
which also have a well-developed deltidium perforated for the passage of the pedicle. 
The PKNTAXBRtD A is restricted to the rostrate forms of essentially the same internal 
structure, with the deltidium usually entirely or partially obsolete in adult specimens. 
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Camarella (part), Billiags 1859. 

Anastrophia, Hall 1867. 

Brachymerus, Shaler i860 
(not Dej. 1834). 
Couchidium, Linne 1760. 

Pentamerus, Sowerby 1813. 

Pentastfere, Blainville 1824. 

Gypidia, Dalinan 1828. 
Pentamerella, Hall 1867. 

Gypidula, Hall 1867. 



Amphigenia, Hall 1867. 

Camarophorla, King 1850. 

Stenochisma, Dall 1877 ; (Eh- 

lert 1887 (not Conrad 1839). 

Stricklandinia, Billings 1863. 

Btricklandia, Billings 1859. 
Sieberella, (Ehlert 1887. 

Antirhynchonella, Quenstedt 

1871. 

Lycophoria, Lahusen 1885. 



3. Family Porambonitid^, Davidson 1853. 

Porambonites, Pander 1830. 

Priambonites, Agassiz 1847. 
Isorbynchus, King 1860. 

Suborder Thecacoa,* n. suborder. 
Aphaneropegmata (part), Productacea, ('oralliopsida, and Kampy- 
lopegmata (part), AVaagen 1883; Eleutherobratichiata (part), Neu- 
mayr 1883; Cryptobrachia (part), Gray 1848. 

Family BiLLiNOSELLiDif:,t n. fam. 
Billingsella, Hall 1892. 

Family STROPHOMENiDiB, King 1846. 

Subfamily ORTiiOTiiETiNiBj Waagen 1884. 
Strophomeninw (part), Waagen 1884. 



? Orthidium, Hall 1892. 
Strophomena, Blainville 1825. 

nemipronites, Meek 1872 ( not 
Pander 1830-). 



Kayserella, Hall 1892. 
Derb3'a, Waagen 1884. 

Meekella, White and St. 

1870. 



John 



*Theca^ a cover. Having reference to the deltidium of one piece coveriiiK the delthy- 
rlam or triangular fissure In the apical portion of the ventral valve. The Thbcacba 
differ chiefly from the Trullacba, from which they were derived, in being without the 
complete internal spoon or spondyliuni. See note to Trullacka. 

tThose primordial species essentially orthold in structure, but with a larjre deltidium 
and a more or less complete chilidinm, have been referred to Billingsella by Hall. The 
writer is of the imprest*ion that BUling»eUa or some closely allied genus gave origin to 
the ORTUiDiB, and that the former were derived from some species also having, in addi- 
tion to the above mentioned charactern, a npondylinm, or essentially a ClUambonitet. 
The progression towards Ortkis from C'lUambonttea appears to have i>een in first elim- 
inating the spondylinm by attaching it to the bottom of the ventral valve, thus forming 
the dental plates and the somewhat elevated muscular area of Billings flltt.. The next 
step is to remove the deltidium and chilidium and to develop a more pronounced cardinal 
process to produce an Orthii. This is the course of development in geologic sequence. 
In Orthis a^ecta Conrad, sp., there is a deltidium, which in some individuals Is large 
and in others covers but one-half the delthyrium. In mature 0. triMnaria Oonrad and 
0. pecHnella Emmons, of the Trenton formation, there is present a small convex del- 
tidium and chilidium which in species of later faunas become nepionic characters and 
are obsolete during nealogic and ephebolic growth. 

The STROPHoxENiDiK may also nave bad tneir origin in some form related to Billings- 
flla^ but the data are as vet insufficient to establish clearly Its line of development. 
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Orthothetes, Fiacher de Waldb. ? ?Badiotella, Bittner 1890. 
1837. 
Orthis, King 1860 (not Dal- 
man 1828). 



HipparionyX; Vanuxem 1843. 
:Streptorhynchu8, King 1850. 



Triplecia, Hall 1859. 

Dicraniscus, Meek 1872. 



Nimulus, Barrande 1879. 
Streptis, Davidson 1881. 



Subfamily Rafinesquin^,* n. subfam. 

I^eptrenacea, Braun 1840; Orthisidii* (part), d'Orbigny 1847; David- 
sonidse, King 1850; Strophomenina^ (part), AVaagen 1884. 



Rafinesqaina, Hall 1892. 

Leptsena, Dalman 1828. 

Leptagonia, McCoy 1844. 
Strophomena, Meek 1873 (not 

Blainville 1825). 
Plectambonites, CEhlert 1887 

(not Pander 1830). 
.Stropheodonta, Hall 1850. 

Brachy prion, Shaler 1865. 
Douvillina, (Ehlert 1887. 
Leptostrophia, Hall 1892. 

Pholidostrophia, Hall 1892. 

Strophonella, Hall 1879. 



Amphistrophia, Hall 1892. 

Leptella, Hall 1892. 

Plectambonites, Pander 1830. 

I^eptnena, Davidnon 1853 ; 
(Ehlert 1877 (not Dalman 
1828). 

Tropidoleptus, Hall 1854). 
? Vitulina, Hall 1861. 

Leptsenisca, Beecher 1890. 
Christiania, Hall 1892. 
Davidsonia. Bouchard 1847. 



Subfamily CADOMELUNiB, Munier-Chalmas 1887. 
•Oadomella, Munier-Chalmas 1887. 



Family TnECiDiiDi«:,t Gray 1840. 

Subfamily THECioiiNiB, Dall 1870 
Thecidium, Sowerby 1824. 
Thecidia, Defrance 1822. 
Lacazella, M.- Chalmasl880. 
ThecidiopsiSjM.- Chalmas 1887. 

Thecidella, M.- Chalmas 1887. 



Eudesella, M.- Chalmas 1880. 

Pterophloios, Giimbel 1861. 

Bactryniuni, Emmerich 1856. 
(In error. Not Bactrillium, 
Herr.) 
Davidsonella, M. - Chalmas 

1880. 



*The relative form of the valvee in this enbfamily, with one exception, Strophonella^ 
lis the reTerae of that in the Obthothxti!)!^. The valves are nearly always one convex 
(ventral), the other concave (dorsal), cansins the visceral cavity to be very shallow. The 
•cardinal process is also somewhat diilerently constructed. 

tThe THBoiDiiDje nenally are placed with or near the Tbrbbratulidjs. Beecher 
iiaa shown (Amer. Jonr. ScL, vol. XLtv, p. 141, 180*2) that their affinities are with the 
-strophomenoids. There are no calcareous brachial supports nor deltldial plates in 
Thecidiun^ as are more or less completelv developed in all terebratnloids. The charac^ 
terletic markioga of the dorsal valve are homoloeonB with those in LeptcenUca^ Daffid- 
tonia^ and the so-called "neniform markings'** of the PRODUcriDie. 
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Subfamily Lyttoniin^e, Waagen 1888. 



Lyttonia, Waagen 1888. 
Lei)t<)dii«, Kayser 1882. 



Oldhamina, Waagen 1 888. 



Family PRODUCTiDiE, (iray 1840. 
Productina, Giebel 1846; ('honetinie and Productina*, AVaagen 1884.. 



Chonetes, Fischer de Waldh. 

1837. 

Lepta^na, McCoy 1844 (not 
Dalman 1828). 
Anoplia, Hall 1892. 

Chonetella, Waagen 1884. 

Chonostrophia, Hall 1892. 

Chonetina, Krotow 1888. 

Chonetella, Krotow 1884 (not 
Waagen 1884). 
Daviesiella, Waagen 1884. 

Productella, Hall 1867. 
Productus, Sowerby 1812. 
Pyxi8» Chemnitz 1784. 



Producta, G. B. Sowerby 1825. 
Arbusculites, Murray 1831. 
Protonia, Linck 1830 (not Ra- 

finesque). 
Marginifera, Waagen 1884. 
Proboscidella, (Ehlert 1887. 

Etheridgina, (Ehlert 1887. 

Chonopectus, Hall 1892. 

Strophaloaia, King 1844. 

Orthothrix, Geinitz 1847. 
Tjcpta^nulosia, King 1845. 
Aulosteges, Helmersen 1847. 

? ? Aulacorhynchus, Dittmar 

1871. 

Isogramnui, Meek and W. 
1873. 

Family ]^ichthofenii).«, Waagen 1885. 
Richthofenia, Kayser 1881. 

Family ORTHiDiE,* Woociward 1852. 

Orthisidw (part),d'Orbigny 1847; Orthinip and EnteletiniB, Waagea 
1884. 



Orthis, Dalman 1828. 

Orthambonites, Pander 1830. 
j Plcctorthis, Hall 1892. 

( Hebertella, Hall 1892. 
. Schizophoria, King 1850. 
f Orthotichia, Hall 1892. 
Enteletes, Fischer de Wald. 
1880. 
Syntrielasma, Meek 1860. 



\ 



Dinorthis. Hall 1892. 



Pljesiomys, Hall 1892, 
( Orthostrophia, Hall 1883. 
M)almanella, Hall 1892. 

Heterorthis, Hall 1892. 

Bilobites, Linne 1775. 
Dica'losia, King 1850. 

Rhipidomella, (Ehlert 1890. 

Khipidomys, (Ehlert 1887 
(not AVagner.) 
Platystrophia, King 1850. 



*It iK not intended, by plncing the Okthid^e at the end of the order Pbotrbxata. to 
Buggeiit an aberrant deveioument or their derivation from the PRODUCTWiB, for It is be- 
lieved that the orthold Mtock had its origin in the BuLLiNusBLLiDiS. All ortholds are with- 
out the sipondyliam of the Trullacba, and cannot, therefore, be placed in that aaborder, 
while the abitence of a deltidiuin at maturity placee the ORTHiDiV after tboeei families 
haviug thie plate in all ^tageH of gro^vth. For other obeervations see note to Biluhos- 
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Order Telotrematat* Beecher 1891. 
Kampylopeginata (part), Waagen 1883; PegmatobraiichiAta (part), 
Neumayr 1883. 

Suborder RostraGea,t n. suborder. 

Family RuYNOHONELLiDiE, Gray 1848. 
Ilypothyrida* (part), King 1850; Rhynchonellina?, Waagen 1883. 



Rhynchotrema, Hall 18G0. 
Rhynchotreta, Hall 1870. 
Uncinulus, Bavie 1878. 
Hypothyris, King 1840 (not 

Phillips 1841). 
Stenochisnia (Conrad 18:59), 

Hall 1867. 

Leiorhynchus, Hall 1860. 

Rhynchoporina, (Ehlert 1887. 

Rhynchopora, King 1856 ( not 
lUiger and Latreille). 
Terebratuloidea, Waagen 1883. 

Acanthothyris, d'Orbigny 1850. 

Norella, Bittner 1890. 

HemithyriS) d'Orbigny 1847. 

Peregrinella, (Ehlert 1887. 



Rhynchonellina, Gremmellaro 

1871. 

Dimerella, Zittel 1870. 

Cryptopora, Jeffreys 1869. 

Atretia, Jeffreys 1876. 
Neatretia, CEhlert 1891. 
Rhynchonelta, Fischer de Wald. 

1809. 

Oxyrhynchus, Llhwyd 1699 

(not Aristotle). 
Rhyngonella, Bronn 1849. 
Bicornes, Quenstedt 1851. 
Uncinulina, Bayle 1878. 
Halorella, Bittner 1890. 
Austriella, Bittner 1890. 

Eatonia, Hall 1857. 

? Branconia, Cagel 1890. 



?Family KiCH\v.\Li)m).«,{ n. fam. 



Kichwaldia, Billings 1858. 
DictioneUa, Hnll 1867. 



*The T£LOTRKMATA durlnj^ oepionic and early iiealos:ic growth have an open triangular 
ftMure or delthyrium in the apex of the ventralValve through which the pedicle emerged. 
In later nealogic and ephebolic growth, the fldMure ia more or less closed anteriorly 
throngh the development from the mantle of two plates, one from each wall of the dei- 
thyriam, which nsnally coalesce centrally. Thene plates are known as the "deltidial 
plates."^ In such forms as Cyrtia^ Cyrtina, and Syringothyrit^ where the ventral cardinal 
area is very bleh. the deltidial plates are anchylosed, the mantle in this region becoming 
continaons ana the plate growing as one piece. The Tblotrbxata, therefore, develop a 
covering to the delthyrium in an entirely different manner from the other orders during 
nealogic and ephebolic growth. 

iSostrum, a beak. The genera of this suborder are rostrate sheila withoiTt a spon- 
dylinm or any calcareous brachial supports other than short or long, straight or slightiv 
curved, freely terminating crura. In the Hklicopbgmata, the latter consists of two cal- 
careoQs spiral lamella, while in the Akotlobrachia there is a loop. 

tThe genns EicAwaldia is very peculiar in not having a distinct articulation of the 
valves as In other Arthropoxata and further In the Siphonotreta-like pedicle open- 
ing. These characters are considered by some writers to indicate afllnities with the Ly- 
opoMATA, and It is to this subclass the genus has been doubtfully referred by authors. 
In Eichwaidia there is, however, a method by which articulation takes place consisting 
of narrow grooves along the lateral edges on the dorsal valve and corresponding ridges 
or teeth in the ventral. 

The writer thinks that Eichwaidia had its origin either in the Rhtncmonellid^ or 
PbntambriDjB, and not directly throngh any inarticulate phylum : that the peculiar ped- 
icle opening is a modiflcation of the open or cloned triangular delthyrium of rostrate 
species, just as the nepionic circular foramen in Siphonofreta becomes changed to an 
elongate fissure by progre<>Hlng anteriorly through the shell. 
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Suborder Helieopegrmata, * Waagen 1888. 
Spiriferacea, AVaagen 1883. 

Family Atrypidas,! Dall 1877. 

Subfamily ZYOosPiRiNiB, Waagen 1883. 
Anazygidw (part), Davidson 1884. 



7iygospira, Hall 1862. 

Stenocisma, Hall 1847 (not 



Glassia, Davidson 1882. 
Coelospira, Hall 1863. 
Conrad 1839; Hall 1867). j Leptoc^ulia, Hall 1867 (not 

Anazyga, Davidson 1882. 1859). 

Anoplotheca, Sandberger 1856 



Orthonomffia, Hall 1858. 



Subfamily ATRVPiNiB, Waagen 1883. 



.\trypa, Dalman 1828. 

Cleiothyris, Phillips 1841 (not 

King 1850). 
Spirigerina, d*()rbigny 1847. 



( T rii ne waldtia, Tscherny sche w 

1885. 
? Karpinskya, Tscli. 1885. 



Family SpiRiFERii>iE,{ King 1846 (emend Davidson). 

MartiniinR' and Retioiilariiniv, Waagen 1883 ; Spiriferinida*, David- 
.son 1884. 

1. Subfamily SrESSiiNiB, Waagen 1883. 



Ovrtina, Davidson 1858. 
Delthyris, Dalman 1828. 
Spiriferina, d'Orbigny 1847. 



Suessia, Deslongchamps 1854. 
Mentzelia, Quenstedt 1871. 



1'. Subfamily T'NriTiN^, Waagen 1883. 
Uncitos, Def ranee 1825. 

2. Subfamily TRKioNOTRETiNif:, n. subfam. 
Delthyrinu' (part), AVaagen 1883. 



Cvrtia, Dalman 1828. 
Syringothyris, W^inchell 1863. 
Spirlfer, Meek and H. 1864. 
Martinia, McCov 1844. 



Spirifer, Sowerby 1815. 

Choristites, Fischer de Wald. 

1826. 
Trigonotreta, Koenig 1825 ; 
Meek and Hayden 1864. 



*The Helicovkoxata are dit>tiDgui8he<l in having two calcareoaB, Himple or double, 
flpirally enrolled, brachial DupportB, which may or may not be attached to each other by a 
variously conBtrncted band or ^*loop.*^ The direction of the epiralR, their connection 
with the hinge plate and the nature of the loop are considered of prime importance in 
classifying the genera of this suborder. External characters are not always even of 
generic value. 

tin this family the apices of the brachlaare medially or dorsally directed. The loop 
in the ZroospiRiNiB is a simple connecting band, which In adult Atbtpiwa isdieunitea, 
having free ends. In the Atrtpidjb and SPiRiPBRiDiS, the prlmair lamellae are straight 
from their attachment to the crural plate to near the anterior margin, and do not recurve 
near their point of origin, as in the NucLBospiRiDiB and ATHTRiDiB. 

tThe SpiRiPKBiDiC are usnallv much elongated along the hinge line, have postero- 
laterally directed brachla joined bv a V-shaped loop in the SuEssnNJt and UNormrJB, 
while in the TKiooNoruBTiNie the loop is obsolescent and consists of two prongs ter- 
minating freely, one attached to each primary lamella. 
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MartiniopsiSj AVaagen 1883. 
Amboccelia, Hall 1860. 
Reticularia, McCoy 1844. 



Spiriferus, Blainville 1827. 
Spirifera, J. de C. Bowerby 

1835. 
Brachythyris, McCoy 1844. 
Fusella, McCJoy 1844. 
IlysterolithuSjQuenstedt 1871. 



Family NucLEOSPiRiDi*:,* Davidson 1882. 

Retziina* and DayiiUT?, AVaagen 1883; Anazygidto (part), Davidson 
1884. 



Dayia, Davidson 1882. 
Hindella, Davidson 1882. 
Nucleospira, Hall 1858. 
Retzia, King 1850. 
Trigeria, Bayle 1878. 



Rhynchospira, Hall 1859. 
Treinatx)spira, Hall 1857. 
Eumetria, Hall 1864. 
? Acambona, White 1862. 
? Uncinella, Waagen 1883. 



Family Athyrid.*:,! Phillips 1841. 
1. Subfamily ATHYRiNiE, Waagen 1883. 



Meristina, Hall 1867. 

Athyris, Davidson 1853 (not 
McCoy 1844). 

Whitfieldia, Davidson 1882. 
Bifida, Davidson 1882. 

Athyris, McCoy 1844. 

Actinoconchus, McCoy 1844. 

Hpirigera, d'Orbigny 1847. 

Euthyris. Quenstedt 1871. 
Anomactinella, Bittner 1890. 

Cleiothyris, King 1850 (not 

Phillips 1841). 

Seminula, McCoy 1841. 



Spirigerella, Waagen 1883. 

Dioristella, Bittner 1890. 

Amphitomella, Biltner 1890. 

Plicigera, Bittner 1890. 

Tetractinella, Bittner 1890. 
Pentactinella, Bittner 1890. 
Kayseria, Davidson 1882. 

Diplospirella, Bittner 1890. 

Euractinella, Bittner 1890. 
Pexidella, Bittner 1890. 

Anisactinella, Bittner 1890. 



1.' Subfamily MERisTELLiNiE, Waagen 1883. 



Meristella, Hall 1860. 

Pentagonia, Cozzens 1846. 

Goniocoelia, Hall 1861. 
Charionella, Billings 1861. 



Merista, Suess 1851. 

Camarium, Hall 1859. 
? Clorinda, Barrande 1879. 



*In the Nl'clt508pirid.« and ATiiYiiiu.f: the bruchia arc directed lutorally. The primary 
lamelht' are Ktraight but for a i^hort distance from their point of attaclnnent, then bending 
backn'ard, recurve to form tlie spiral con«*»». In the bPiKiFKKiD.t: they remain direct. 

The apex of the V-shaped loop in the NrcLEosPiRiDiE terminates in a more or lei^b Jong 
elniple procenH, which may be hooked at its outer end. 

tThe apex of the V-shaped U)op han two prf)ce«8e!* which, in the Athyrin.«, are flret 
short und then become elonurated to such an extent that they enter between tli^* tirst and 
second revtdution of the primary lamellae of each cone, and in some j;enera continue to 
the apex of the bracliia. In the Mkristkllin.k, the two pro<'es'<es of the h)op bend upon 
thf^ru'ielves, return, and join at their point of orIj,'in, thii< r<'"«^'InblinL,' the handle? of a 
pair of »ci*^ors. 
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Family KoNiNCKiNiDiB, Davidson 1853. 
Koninckininffi and Amphiclininse, Waagen 1883; Diplospidte and 
Diplospiridae, Munier-Chalmas 1880. 



Koninckina, Saess 1853. 
Amphiclina, Laube 1865. 
Koninckella, M.-Chalmas 1880. 



? Thecospira, Zugmeyer 1880. 
? Amphiclinodonta, Bittner 
1890. 



Suborder ANCYLOBRACHIA/ Gray 1848 (Emend). 
Ancylopoda and Cryptobrachia (part), Gray .1848; Kampylopegmata 
and Terebratiilacea, Waagen 1883. 

Family TEREBRATUUDiE, Gray 1840. 

Subfamily CENTRONELLiNiE, Waagen 1882. 
Megan terinfp, Waagen 1882. 



Hallina, Winchell and Schuehert 

1892. 
Rensselaeria, Hall 1859. 
NewbeiTia, Hall 1891. 

Kensselandia, Hall 1867. 
Meganteris, Suess 1856. 



Ccntronella, Billings 1859. 

Cryptonella, Hall 1863 (not 
1861, 1867.) 
Cryptonella, Hall (1861?) 1867. 

Juvavella, Bittner 1888. 

Nueleatula (Zugmayer) Bittner 

1890. 

? Notothyris, Waagen 1882. 



Subfamily SxRiNOOCEPHALiNi*:, Dall 1870. 
Stringocephalida^ King 1850 ; Davidson 1853. 



Stringocephalus, Defrance 1827. 



? Cryptocanthia, White and St. 
John 1868. 



Subfamily TEREBRATULiNiB, Dall 1870. 



Dielasma, King 1850. 

Epithyris, King 1850 (not 

Phillips 1841). 
Seminula, McCoy 1855 (not 

1844). 
Dielasmina, Waagen 1882. 

Terebratula, Llhwyd 1699. 

Sacculus, Llhwyd 1699. 
Lampas, Meuschen 1787. 



Glossothyris, Douville 1880. 

Pygope, Link 1830. 

Diphyites, Schroter 1799. 
Pugites, de Hann 1833. 
Antinomia, CatuUo 1850. 
? Propygope, Bittner 1890. 

Liothyrina, (Ehlert 1887. 

Epithyris, Desl. 1862(not King 

1848). 



*Thii} Buborder ii? characterized by having a calcareoue loop for the sapport of the 
brachia. Some authors have regarded the length of the loop aet of subfamily importance, 
but this the writer does not conuider aH of great value in claeisiflcation. The work oi 
Frlele, DeslonerhampSf Davidson, Fischer and (Ehlert and others, has shown that In 
certain formH tiie loop pannefi through various stages of growth, or metamorphoses. In 
another set of genera, tne Tkkabratulid.k, the loop does not pass through any transi- 
tional stages. Upon this basis the genera have been arranged tentatirely by Dr. Beecher 
and the writer. However, much yet remains to be worked out regarding the loop and 
the dental and septal plates iu the fossil forms, l)efore any permanent claseiflcation of 
the genera into families is possible. Geratology has also oeen taken into account, as a 
number of genera have partially or entirely lost their brachial supports. 
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Terebratularius, Dumeril 

1806. 
Nucleata, Quenstedt 1871. 
Musculus, Quenstedt 1871 

(not Klein 1753.) 
Hemiptychina, Waagen 1882. 

Rhffitina, Waagen 1882. 

Zugmejeria, Waagen 1882. 

Dictyothyris, Douville 1880. 



Gryphus, Megerle 1811 (not 

Brisson 17«0). 
Liothyris, Douville 1880 (not 

Conrad 1875). 
Terebratulina, d'Orbigny 1847. 

Eucalathis, Fischer and (Ehlert 

1890. 
Agalhasia, King 1871. 
Disculina, Beslongchamps 1 884. 



Family ? DYSCOLiiDiE, Fischer and Qilhlert 1892. 
Dyscolia, Fischer and (Ehlert 1890. 

Family TEREBRATELLiDiC, King (Emend Beecher 1893). 
Waldheimida, Douville, 1880; Waldheimiinae, Waagen 1882. 



Subfamily Dallinin^e, 
Dallina, n. gen. Beecher. Type 
Waldheimia septigera Loven. 
Macandrevia, King 1859. 

Lacqueas, Dall 1870. 
Frenula, Dall 1871. 
Ismenia, King 1850 (not Dall 

1871). 
Kingina, Davidson 1852. 

Kingia, Schoenbach 1867. 
Lyra, Cumberland 1816. 

Terebrirostra, d'Orbigny 1847 
Trigonosemus, Koenig 1825. 

Fissurirostra, d'Orbigny 1847. 

Fissirostra, d'Orbigny 1848. 
Delthyridea, King 1860. 
Flabellothyris, Deslong. 1884. 



n. subf. Beecher. 

Eudesia, King 1850. 

Orthotoma, Quenstedt 1871. 
Trigonella, Quenstedt 1871. 
Zeilleria, Bayle 1878. 

Fimbriothyris, Deslong. 1884. 

Ornithella, Deslong. 1884. 

Microthyris, Deslong. 1884. 

Aulacothyris, Douville 1880. 

Camerothyris, Bittner 1890. 

Epicyrta, Deslong. 1884. 

Cincta, Quenstedt 1871. 

Antiptychina, Zittel 1883. 

Plesiothyris, Douville 1880. 

? Hynniphoria, Suess 1858. 

? Cruratula, Bittner 1890. 

? Orthoidea, Friren 1875. 



Subfamily, PLATimiNiE, Dall 1870. 
Platidia, Costa 1852. 

Morrisia, Davidson 1852. 

Subfamily MEGATHYRiNiE, Dall 1870. 
ArgiopidflB, King 1850; Megathyridfp, (Ehlert 1887; Argiopidse, 
Davidson 1884 ; Argiopina?, Davidson 1887. 



160 



The Ameriean Geologist, 



March, 1893 



Megathyri8, d'Orbigny 18-47. 

Argiope, Deslongchamps 1842 
(not Savigny and Audouin 
1827). 
Cistclla, Gray 1850. 



Zellania, Moore 1854. 
Gwynia, King 1859. 



Subfamily MAOELLAXiNif:, n. subf. Beecher. 
Waldheiniida^ (part), Douville, 1880; Terebratellinae, Davidson. 



Magellania, Bayle 1880. 

AValdheimia, King 1850 (not 
Brulle 1846). 
Terebratella, d'Orbigny 1847. 

Delthyris, Menke 1830 (not 

Dalman 1828). 
Ismenia, King 1850 (not Dall 

1870). 
AValtonia, Davidson 1860. 
Magasella, Dall 1870. 



Neothyris, Douville 1880. 



Coenothyris, Douville 1880. 



Subfamily M.\oasin.«, Davidson 1887. 

Magasidje (part), d'Orbigny 1847, King 1850; Rhynchorida) (part),. 
King 1850 ; Muhlfeldtinae, (Ehlert 1887. 



Magas, Sowerby 1816. 

Bouchardia, Davidson 1849. 

Pachyrhynchus, King 1850. 
Muhlfeldtia, Bayle 1880. 

Megerlia, King 1850 (not Rob- 
ineau I)e.svoidy 1830). 



Mannia, Dewalque 1874. 
Rhynchorinae, (Ehlert 1887. 
? Rhvnchora, Dalman 1828. 



Subfamily Kraussinin.*:, Dall 1870. 
Kraussidii' (part), Davidson 1870. 



Kniussina, Davidson 1859. 

Kraussia. Davidson 1852 (not 
Dana 1852). 



M e g e r 1 i n a , Deslongchamps 

1S84. 
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GEOLOGICAL DISTRIBUTION OF THE BRACHIO- 

PODA. 



Fam. pATBRFXIDiE. 

Paterina, Beecher. 

Fam. OBOLTDiE. 
Obolella, BillingH. 
Jlkania, B'ord. 
KeoboltiH, WaaKen. 
OboliiH, Eichwald. 
^ Spondylobolni*, McCoy. 

Fam. TRIXBRELLIDiR. 

? Lakmina, CEhlert. 
Dlnobolns, Hall. 
Monomorella, BilUngB. 
Trimerellaf Billings. 
Rhynoboliis*, Hall. 

Fam. LiNorLELLiDiE. 
Lingulelia, baiter. 
LingnlepiH, Hall. 
Leptoboius, Hall. 
Paterala^ Barrande. 
? Mickwit2ia, Schmidt. 

Faro. LiNGUUDiE. 
LinguUf Bruf nlere. 
Gloeeina, Phnlips. 
Dignomia, Hall. 
Glottidia. Dall. 
Barroisella, Hall. 
Thomaeiua, Hall. 

Fam. LlIfOULABXATtDiE. 

LingolopB, Hall. 
Lingulaisma, Ulrich. 

Fam. TBBMATISiK. 

Dlecinolepiis, WaageD. 
Trematl?. Sharpe. 
Schizocranla, Hall & Whitf. 
Schizobolun, Ulrich. 
iEhlertella, Ball. 
? Monobolina, Salter. 

Fam. Di0cxNn>jE. 
Orbicaloidea. d'Orbigny. 
Schlzotreta, Katorga. 
Lindstroemella, Hall. 
Rcemerellu, Hall. 
Discina, Lamarck. 
Diacinlaca, Dall. 

Fam. AcROTRSTm^. 
Ipbidea, Billingf). 
Acrothele, LinnarsBon. 
Llnnarseonia, Walcott. 
Biscinopsis (.Matthew), Hall. 
Acrotreta, Katorga. 
Conotreta, Walcott. 



Paleozoic. 



Mksozoic. 
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PAijm>soia. 



Mbsosoio. 



CjmoiOR. 



? Mevotreta, Kntonn* 
? Volborthia, von Moller. 

Fam. SiPHOHOTRITlDJI. 

SipbonoCreta, de Vemeuil. 
Sctiizarobon, WalcoU. 
? Keyeerlingia, Pander. 
? Helmersenia, Pander. 

Fam. Crahiidji. 
Crania, Retxias. 
Craniella, (Ehlert. * 
Cardinocranla, Waasen. 
Anclstrocranla, Ball. 
Craniscus, Dall. 
Pholidope, Hall. 
Paeadocrania, McCoy. 

Fam. KuTORoiNiDiE. 
Kutorgina. BlUinge. 
SchlsophollB, Waagen. 

• 

Fam. CLITAMBOMITIDiB. 

Clitamboniteti, Pander. 
Polytoechla, Hall. 
ProtorthlB, Ball. 
Hemipronite», Pander. 
Sceniainm, Hall. 

Fam. PENTAXERrD.S. 

Camarella (part). Billings. 
AnaKtrophia, Hall. 
Conch idlnm, Linnif. 
Pentamerella. Hall. 
Gypidula, Hall. 
Amphlgenia, Hall. 
Camarophorfa, King. 
Stricklandinia, Billings. 
Sieberella, (Ehlert. 
Antlrhynchonella, Qtienetedt. 
Lycophorla, Lahusen. 

Fam. PORAMBnNITIDiB. 

Porambonitetj, Pander. 

Fam. BlLT.INOSELLIDiE. 

Billlngr<ella, Hull. 
Fam. STRopMovKNiDit:. 

Sllbfam. ORTHOTHSTINilS. 

? Orthidinm, Hall. 
Strophomena, Blainville. 
Orthothete»«, Fipcher de Waldheira. 
Hipparlonyx, Vanuxem. 
Utreptorhynchiifi, King. 
Ka\Herella, HalJ. 
Derby a, Waagen. 
Meekella, White and St. John. 
Trlplocia, Hall. 
Mimulut), Barrande. 
StreptiH, David »on. 
r ? Badiotella, Bittner. 
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RaflnMqnina, Hall. 
LepUena, Dalman. 
Stropheodonta, Hall* 
PhoridoBtrophfaTHall. 
Strophonella. Hall. 
Leptella, Hall. 
Plectambi^tea, Pander. 
Lep^nisca, Beecher. 
Christlatafa, Ball. 
Davideonia, Bouchard. 
Tropidoleptus, Hall. 
? VhuUpa, Hall. 

Subfam. Cadokbllinji. 
Cadomella, M.- Chalmas. 

Fam. THBciDiiDiB. 

Snbfam. Tubcidiina. 
Thecidium, Sowerby. 
LacazelU, If.- Chalmaa. 
Thecidiopsin, M.- Chalmas. 
Thecidella, M.- ChalmaB. 
Bodesella. M.- Chalmaa. 
Pterophloios, Gflmbel. 
Davidtfonella, M.- Chalmas. 

Sobfam. Lyttoniin^. 
Ljttonia, Waagen. 
Otdhamlna, Waagen. 

Fam. PfinDucTiojB. 
Choneter, Fftnoher de Wald. 
Cbonetella, Waasen. 
Chonoii*trophia, Hall. 
Chonetlna, Krotow. 
Davleclella, Waagen. 
Prodactella, Hair 
Prodactue, Mowerby. 
Proboscidella. (Ehlert. 
Etberidgina, (Ehlert. 
ChonopectKit, Hall. 
StrophalosiH, King. 
Aiiloi<tegp0, Helniereien. 
\ t Anlacorhynchas, Dittmar 

Pam. RiClITHOPENIDifl. 

Richthofenia, Kayser. 

Fam. ORTHiDiE. 
Orthit*, Dalman. 
PlectorthlB, Hall. 
Uebertella, Hall. 
Schfzophoria, King. 
Orthotichia, Hall. 
Enteletet*, Fischer de Wald. 
Dinorthis, Hall. 
Phegiomyfi, Hall. 
Ortho»trophla, Hall. 
Dalmanella, Hall. 
Heterorthie>, Hall. 
Bilobite*, Linn<?. 
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Uypolhyrk, Kliig. 
LeIoThyiiclKiK, Hull. 
RhyneaoiforliiB, tElilert, 



Rtmirhfliwllll, FlHChor de Wi 
AdMHpIIb, Bittner. 
Annlhothyrl'', d'Orliigny. 

■)ri«,»|-Orbli(ny. 
iii'llii. (Fhlrrt. 
iieUlna.(ii'min«lL>ri 



NoTclla, E 



Dli 



ipraltx. Zlttfl. 

onli^Uiili. 
PBIICODH, Cngpl. 



Fam, ATBTprii.i 



Siibfani, Atrtp 



Cyrtina. DaTldKon, 
DelthTrlii, Dilman. 
Uplrlferina, d'Urblinr. 
anWHla, l>p«lanErliaiii]iB. 
Healxclla, (tm-nnledi. 

Snhfani. I'NciTnc.i!. 



STrliiipithyri*. WIdcI 
HartliilB, McCuT, 
Martin ioiMle, Wiage 



Dayln/DBVlclrtni. 
Illndelln. Davld-ai 
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Mebozoic. 
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Nncleo«plra, Hall. 
Reusia, KiiiK- 
Khyncho»piriif Hall. 
Treinatoi^pira. Hnll. 
Eunietrittf Hall. 
t AcamlMjnn, White. 
> Uncinella, Waasfen. 

Fam. Athyrid.k. 

Subfani. AruTRiNiC. 
Me^i^tlna, Hall. 
Bifida. Davidson. 
Alhyrit«, McCoy. 
Cleiothyris, Kin^. 
Seminiua. McCoy. 
Spirijferolla, Waagen. 
Diorlrtella, Bittnpr. 
Amphltomella, Bittner. 
Plicl^era, Bittner. 
Rayt^eria, I)avid>^on. 
DlploHpirella, Bittner. 
Pexidella. Bittner. 
Anisactinella, Bittner. 

Subfam. MERI8TBLLINi«. 

Mericitella, UoU. 
Pentagonia, Coiszene. 
Charionella, BiUiugK. 
Meritfta, SuesM. 
^ Clorinda, Barrande. 

Fam. KoKiNCKiwiDiR. 
Koninckioa, SiiexM. 
.\niphicllna, Lanbe. 
Koninckella, M.- Chalmatn. 
Tr Ttaecoiipira, Zugmever. 
? Arophicllnodonta, Bittner. 

Fam. TBRBBRATUUDJt. 
Snbfam. CBNTRONBLLINiK. 

Halllna, Wlnchell and Schuchert. 
Ren8t*elteria, Hall. 
Xewberria, Hall. 
Meganterie, SueHH. 
Centronella, Billings. 
Cryptonella, Hall. 
Juvavella, Bittner. 
Nncleatiila (Zngmeyer), Bittner. 
t NotothyrlH, waagen. 

Snbfam. Strihoocbphalin.c. 
StriDgocephahm, Def ranee. 
? Cryptacanthia, White and St. John. 

Subfam. Tbrbbratulinje. 
Dfelat>ma, King. 
Dlelasmlna, Waagen. 
Terebratula, Llhwyd. 
Hemlptychina, Waagen. 
Rba-tina, Waagen. 
Zainneyeria, Waagen. 
Dictyothyrli), Douvllle. 
(ilo»>Nothyrl8» Douvllle. 
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Pycopef Link. 
? nopygope, RitCner. 
Lfothyrinal (Ehlert. 
Terebratulina, d'Orbigny. 
BocaUthlt, F. and O. 
Aphasia, King. 
Discnlina, Detfloagchamps. 



Fam. ]>TflcoLUDjE. 
DyscoUa, Fischer and (Ehlert. 



Fam. Tbbbbratblltdje. 

Subfam. DALUNiMiB. 
Dallina, Beecber. 
Macandrevla, King. 
Bndesia, Kins. 
Lacqnengf DaTl. 
Ismenia, KinK. 
Kingina, Davicl8on. 
Lyra, Cumberland. 
Trieonoperaue, Koenlg. 
Flabellothyriti, Defllongchampu. 
Zeilleria, Bavle. 
Fimbrlothyrie, Deeilong. 
Ornitbella. Deslong. 
Microthyrle, Deulonir. 
AolacothyrU, DouviUe. 
Oamerothyrii<. Bittner. 
Epicyrta, Deelong. 
Cincta, iAaen«tedt. 
Antlptycnina, Zlttel. 
Ple«iotbyri», Oouvllle. 
? Hynniphoria, huens. 
? Crnratnla, Bittner. 
? Orthoidea, Priren. 



Snbfamily Platidiina. 
Platidia, Costa. 

Subfam. MBOATiiYRiK^e. 
Megathyrie>, d'Urbigny. 
Ci^tellH, Gray. 
Zellania, Moore. 
Gwynia, King. 



Subfam. Maobllanin^. 
Mageliania, Bayle. 
NeothyriH, DouviUe. 
Terebratella, d'Urbigny. 
Coenothyris, Douviiie. 



Subfam. Maga8in.£. 
MagiiH, Sowerby. 
Bouchardia, Davidson. 
Muhlfeldtia, Bayle. 
Mannia, Dewalque. 
Rhynchorinii', (Ehlert. 
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tRhynchora, Dalman. 

SnUam. Kraubsindije. 
Kraasalna, Davidson. 
Ifegerlina, Dealongchampt. 

Number of genera appearing In each 
By stem. 


11 


Genera occnrring in a ij'etem. 
Genera reetrictea to one ey^tem. 
Number of genera derived from pre- ( 
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Nnmber of senera pasBlng from one ( 

period to the next above it. s 
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[Pal-eontological Notes from Buchtkl College, No. 3.] 

A NEW COCCOSTEAN— COCCOSTEUS CUYA- 

HOG/E. . 

By B. W. CLAYPOLBf Akron, O. 
Figs. 1 and 2. 

The * 'Old Red Sandstone" of Scotland furnished Hugh Miller 
with the original fossils on which the name Coccosteus was placed, 
and for which his now classic description was drawn up. He 
recognized several species but these have since been reduced to 
two by merging several into his first and chief form C. decipiena 
which, with C minor ^ comprises probably all that he discovered. 

Since his time, however, others have been brought to light but 
as these are not all described from the same plate or part of the 
skeleton it is scarcely possible at present to correlate them. 

The structure of the genus is however fairly well understood 
so that little doubt exists concerning the position and relation 
of the various plates of the head and body. But of a few minor 
features and of the difference between the species in matters of 
detail much yet remains to be learned. 
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The forms recognized by Mr. A. S. 
Woodward in his recent catalogue are 
as follows: 

(\)CCOftteus decipiens Ag., 1844. 

Lower Old Red Sandstone. 
CocrostfHs minor H. Miller, 1858. 

Lower Old Red Sandstone. 
CoccoHtt'ua ht'rcifnim< XL v. Meyer, 1852. 

Lower Devonian. 
Corcosteiis dhji'ctus A. S. Woodward, 1891. 

Upper Old Red Sandstone. 
Cocrotttt'us ohtuMHs II. Trautschold, 1889. 

Devonian. 
CoccosteuH ocndentnlis Newberry, 1875. 

Lower Devonian (Corniferous). 

Besides these there are several insuffi- 
ciently described or uncertain fragments 
referred hither bv different authors. 

Yet another species was described in 
1880 bv Whiteavcs as Coccosteus acadicm 
from the I^ower Devonian of Campbell- 
ton, New Brunswick. 

There are therefore at least five species 
known from Europe and two from North 
America. 

The fishes of this genus are not large, 
the original C decipicns measuring only 
about sixteen inches in length and its 
jaw, as figured by Miller, in **The Old 
Red Sandstone" is scarcely two inches * 
long. Nor were any of the rest of larger 
size. The two American species whose 
jaws arc unknown can be estimated by 
the dorsal plates which vary but little in 
length from those of C. decipiens. Of 
C, acadicus numerous specimens have 
been found showing lx>th dorsal and ventral surfaces and these 
have been fully illustrated by Mr. Whiteaves, the palaeontologist 
to the Geological Survey of Canada, in his * 'Illustrations of the 
Devonian Fishes of Canada. " Of 6\ occidental is only two plates 
are known — the medio-dorsal and the medio-lateral— and these 
were found by the late Mr. J. H. Klippart, of Columbus, Ohio, 
in the Corniferous limestone of Delaware, 0. No reasonable 
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doubt can exist concerning their nature, though of the latter only 
the inner face is exposed. 

If as Dr. Newberry has suggested (See Pal. of Ohio, p. 306, 
vol. 1) the jaw there described as LhgnathuH spathufatuH really 
belongs to C. occiJcnfalis (a suspicion not yet proved) we shall 
be in a position to compare it with the jaw of C dedpiens with 
which in size it exactly corresponds, though differing widely in 
the dentition. In this character it more nearly approaches the 
dinichthyid pattern. Possibly, however, this connection if proved 
may have the effect of removing C occid en talis from its present 
generic position rather than that of introducing Liognathus. 

Coccosteus thus ranges through the Devonian in both 
continents, C.Af»r<?^«iV« and C.occidtifitnlisiQQmmgirom. 
the lower and all the other species from the upper 
strata. 

It is therefore of not a little interest to record the 
occurrence of Coccosteus at another and a higher horizon 
in Ohio. The specimen is remarkable also for its large 
size, far exceeding any of those already known. It 
was found by the veteran collector. Dr. W. Clark, of 
^^ * Berea, O. , in the Cleveland shale near that town and 
close to the horizon which has yielded Dinichthys and the 
other armor-clad fishes with which palaeontologists are now fa- 
miliar. 

The fossil is the left ramus of the lower jaw and measures five 
and a half inches in length. Some part of the spatulate end is 
missing and at least another half inch must be added to complete 
it. Obviously therefore it belonged to a coccostean far surpass- 
ing in size any of the rest. If we assume that the jaw was only 
six inches long it was then at least three times as large as that of 
C. decipiena or nearly four feet from nose to tail, and was a very 
giant among its fellows. 

At the same time, as may be seen at once by consulting the 
figures, no doubt regarding its affinity can bo entertained. There 
are the mandibular teeth, eight in number, on the upper e<lge of 
the mandible just in front of the middle, less sharp and regular 
than represented by Hugh Miller but not less characteristic. In 
front are the symphysial teeth (or rather their bases for the teeth 
themselves have been broken off) projecting inward toward those 
on the opposite ramus. These are three in number. II. Miller 
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speaks of fi^^ but figares six in C deciptens and they appear to 
vary from three to eight in different species. They are shown in 
the smaller figure (2) which is a view of the inner front edge of 
the mandible fortunately exposed on the very edge of the slab of 
shale and carrying the three bases of the symphysial teeth with 
great distinctness. 

It would be useless here to enter on a discussion of the mode of 
using this peculiar dentition, unparalleled in the animal king- 
dom and only approached by that of Onychodus and DipJognathuB 
(and perhaps Lioynathus), The vertical row of teeth on the edge of 
the jaw led H. Miller to his conclusion that Coccosteus united the 
dentition of a beetle or some similar invertebrate to the general 
structure of a vertebrate animal. This conclusion was the more 
pardonable because in his early specimens the teeth on the ramus 
of the jaw were missing. Subsequent discoveries led the illus- 
trious Scotchman to modify, though scarcely to abandon, his first 
conclusion and to leave the structure of thin anomalous mouth as 
a puzzle to his successors, which it remains to this day. 

It is just possible, though I am not aware that any specimen 
yet found bears out the supposition, that the two mandibles of 
Coccosteus did not close on each other so as to form a sutural 
union. In fact the presence of these symphysial teeth almost 
renders this structure necessary. We now know that in some 
kindred forms, such as Dinxchthys^ there were intermandibular 
teeth which met and fitted against similar intermaxillary teeth in 
the upper jaw. If some similar arrangement existed in Coccosteus 
holding the two rami assunder at a small distance, opportunity 
would be afforded for the employment of the projecting sym- 
physial teeth. The small size of all the previously known species 
may account for the non-discovery of such a plate even if it ex- 
isted. 

It may be that the tooth-bearing bone of Onychodus lends some 
countenance to this suggestion but failing its actual production 
we can only at present speculate on the possibilities in the case of 
Coccosteus. Whatever may be the ultimate solution of this 
anatomical enigma it seems impossible that the symphysis of 
Coccosteus can have been a close one. 

For this new species is proposed the name of Coccosteus 
c.uyahog(€^ connecting it with the region in which it was discov- 
ered bv Dr. Clark. 
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It comes from one of the lowest beds of the Cleveland shale, a 
horizon which has thus far yielded only an as yet undesciibed 
species of TUanichthys. 

Some other fragments are also in the hands of Dr. Clark but 
-cannot at present be described. The chief of them is a much 
broken plate, apparently dorso-medial, which corresponds in 
size to what would be expected, being about three times as large 
as the similar plate of C, deciptens. These, however, must await 
further discoveries. 



PLEISTOCENE PAPERS READ AT THE OTTAWA 
MEETING OF THE GEOLOGICAL SOCIETY 

OF AMERICA, 

Among the papers read and discussed at the recent meeting of 
the Geological Society of America in Ottawa, Canada, December 
28, 29, and 30, 1892, the following related to the glacial drift 
and history of the Pleistocene period. 

Distinct glacial epochs, and the criteria for their recognition. 
By R. D. Salisbury. The question concerning how much de- 
crease and ensuing re-advance of ice-sheets should constitute an 
interglacial epoch is to be answered by (a) the distance of the 
glacial recession, (6) the length or shortness of the time between 
successive advances of the ice, (c) climatic changes in the area of 
the oscillations, and (d) intervening geologic changes or move- 
ments of uplift or depression of the land. 

The criteria for discrimiuation of ice invasions so distinct as to 
be properly called separate epochs were considered under the fol- 
lowing heads: 

1. Forest beds intercalated between deposits of till. These do 
not necessarily indicate truly interglacial conditions, but are to 
be so interpreted if their species belong to a temperate climate or 
to one as warm as now in the same locality, also if they have a 
great geographic extent. 

2. Bones of land animals fossil in strata with till beneath and 
above. 

3. Lacustrine or marine fossiliferous beds underlain and over- 
lain by till, if the}' denote a climate as temperate or mild as 
now. 
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4. Beds of subai^rially deposited glacial gravel and sand, with 
till above them. These can seldom be shown to have sufficient 
extent to prove an interglacial epoch, but are corroborative when 
occurring with other evidences. 

5. Differential weathering, which is dependent on length of 
time and warmth of climate. If a former land surface of glacial 
drift deeply weathered has a great northward extent under a later 
sheet of till, it is acceptable proof of an interglacial epoch; but 
the preservation of such a soil layer would be fragmentary and 
local. On many tracts the erosion by the later ice invasion 
wholly removed the interglacial soil and stratified deposits, with 
their fossils and forest bed. 

6. Different amounts of subat^rial erosion on areas of the older 
and newer drift. On some tracts of the former it appears to be 
ten times more than of the latter. 

7. Valleys excavated between successive depositions of till. 
These are especially important if eroded in rock, and most so 
when far inside the limits of the newer drift. 

8. Successive different directions of the ice movement on the 
same ground, as shown by striae and transportation of drift. 
Within any single epoch of glaciation gradual changes in direction 
of the glacial currents were produced by variations in the extent 
ai)d thickness of the ice and especially by its unequal and irregu- 
lar melting during its stages of retreat; but where the changes 
were abrupt they indicate distinct epochs. 

9. Varying altitudes and slopes of the land. If a tract like 
the basin of the Mississippi river was at one time in the Ice age 
low and afterward much higher, it would imply a long interven- 
ing time; and if the record of this change as shown by the glacial 
deposits seems sudden, this would probabh* be due to an inter- 
glacial epoch. 

10. Vigor and sluggishness of ice action. During the time of 
maximum extent of the glaciation in the Mississippi basin the 
action was sluggish, but afterward was vigorous when the mo- 
raines of retrocession wore accumulated. 

Some of these criteria may be sufficient singly to prove distinct 
glacial epochs; but when several or nearly all of them furnish 
concurrent testimony of such epochs, they seem equivalent to a 
mathematical demonstration. 

lu the discussion of this i)apor. Prof. (J. Frederick Wright 
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referred to the observations of Torell, Hoist, and others, oa the 
exposare of the englacial and superglacial till to full oxidation 
and weathering, while the subglacial till was protected by its 
position beneath the ice. The larger amount of erosion of the 
outer and older portions of the drift sheet seems attributable to 
its longer exposure where the drainage from the waning ice- 
sheet passed over it. 

Mr. W J McGrEE would add, as another criterion of an inter- 
glacial epoch, difference in the origin and size of boulders in the 
older and newer drift, as in northeastern Iowa. Nodules of bog 
iron ore in the Iowa forest bed, implying a long interval of forest 
growth, are striated by the succeeding ice incursion. 

Prof. C. H. Hitchcock remarked that the amount of oscilla- 
tion of the ice- front to be ranked as a division between glacial 
epochs must be a difficult question to be determined by every 
glacialist according to his own judgment, unless it can be shown 
that the ice- sheet was almost or entirely melted away and after- 
ward was anew accumulated. In New England and the eastern 
provinces of Canada probably as many terminal moraines are 
recognizable as in the upper Mississippi region, but these all in 
both regions seem referable to stages of slight interruption in the 
decline of a single ice-sheet. No support for an interglacial 
epoch is found in fossil if erous marine beds between deposits of 
till on our Atlantic coast, for such beds are absent, excepting 
where, as at Portland, Me., and St. John, N. B., they imply 
only a moderate re-advance of the ice interrupting its general de- 
parture. Stream erosion during the Ice age may have proceeded 
very rapidly where the land was much higher than now. 

Mr. Warren Upham, referring to the first three of Prof. 
Salisbury's criteria, thought that the rapidity of departure of the 
ice-sheet, as shown by the eskers, associated plains and plateaus 
of gravel and san'd, and the valley drift, implies for the closing 
stage of the Glacial period fully as warm summers close to the 
border of the retreating ice as at the present time in the same 
latitudes. Therefore a temperate flora and fauna would exist 
near the retreating ice. But the terminal moraines show that at 
various times the general glacial retreat was interrupted by secu- 
lar chaages in the climatic conditions bringing increased snowfall 
and a halt or re-advance of the ice. If at such times it advanced 
only a few miles, the fossils of the beds covered by the later till 
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would include temperate species of forest trees, of land animals, 
and of mollusca where the ice pushed into lakes or the sea. 

Changes in the altitude and slopes of the land, shown by suc- 
cessive moraines and the accompanying gravel, sand, and silt 
deposits, which Prof. Salisbury would regard as evidence of suc- 
cessive glacial epochs, may have taken place within a few hun- 
dred years, as the area of the glacial lake Agassiz was differ- 
entially uplifted, to a maximum of 400 feet or more, during the 
departure of the ice-sheet from that area, which yet appears to 
have occupied only about 1,000 years. 

CrolFs astronomic theory of the cause of the Ice age has led 
glacialists both in Europe and America to search for evidences 
of successive glacial and interglacial epochs; but the recency of 
the final departure of the ice-sheets, besides other arguments, 
shows that this theory is untenable, although it has been exceed- 
ingly useful in leading to careful and widely extended observa- 
tions. It now therefore seems more probable that the Ice age 
was a period of continuous glaciation, with moderate fluctuations 
of the boundaries of the ice-sheets during both their general 
growth and decline. 

Dr. Robert Bell spoke of layers of peat and lignite between 
deposits of till on the Nissinaibi and Kenogami rivers, tributary 
to James bay, while loose fragments of lignite probably derived 
from similar layers, are found on the Albany and Churchill rivers. 
It may be doubted, however, whether the successive ice incursions 
should be regarded as distinct epochs, since the several bound- 
• aries of the ice-sheets, shown by the limits of the diverse drift 
sheets and courses of the terminal moraines, are nearly parallel 
with each other. 

Prof. B. K. Emerson noted the general absence of indications 
of interglacial conditions in New England, excepting very slight 
oscillations of the ice-border during its retreat, such as at one 
locality in the Connecticut valley gave three successive deposits 
of till with intercalated clays containing fossil leaves of subarctic 
plants. 

Professor Salisbury, in closing the discussion, objected to 
arguments on this subject based on studies of the regions covered 
and much eroded by the latest glaciation, as New England and 
the greater part of Canada. The proper areas for the discrimina- 
tion of these epochs lie along the borders of the drift sheet. Im* 
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portant changes of altitude, even though they may have taken 
place in a short time, seem sufficient for discrimination of distinct 
epochs, but these are proved by concurrence of all the criteria 
cited. 

Pleistocene phenomena in the region southeast and east of Lake 
AtJiobasca^ Canada, By J. B. Tvrrell. This paper described 
a large region extending from lake Athabasca to Cree, Hatchet, 
and Reindeer lakes. The striation ranges mainly from south- 
west to due west, being nearly at right angles with the south- 
southeastward and southward striation of the vicinity of Winni- 
peg and lake Manitoba. On the Archaean gneissic and granitic 
rocks till is usually scanty, but on the contiguous tracts of sand- 
stone it occurs in larger amount and is sometimes amassed in 
plentiful and prominent drumlins. One of the most noteworthy 
areas of drumlins is crossed by the outlet from Hatchet lake to 
lake Athabasca, and another is the district of Cree lake. Many 
typically oval and steep drumlins rise as islands in Cree lake to 
bights of 100 to 200 feet and are surrounded by water 70 feet 
deep near their bases. Eskers are also well developed in various 
parts of this region, together with plateaus and plains of gravel 
and sand, deserted river channels, and beaches of glacial lakes 
150 feet or more above the existing lakes. 

In discussion. Prof. Hitchcock asked whether all the stria? 
observed about lake Manitoba run south-southeasterly and 
southerly, to which Mr. Tyrrell replied in the affirmative. 

Prof. Wright inquired whether the Laurentian boulders of 
Assiniboia and Alberta were brought across the region of lakes 
Winnipeg and Manitoba. Mr. Tyrrell answered that more 
probably they were brought from portions of the Archaean belt 
farther northwest, as about Reindeer and Athabasca lakes. 
. Mr. Upham remarked that the occurrence of the drumlins only 
on limited tracts, while the greater part of the country explored 
had none, is like their distribution in the regions where they had 
been described previously in northwestern Manitoba, the northern 
United States, and southern New Brunswick. 

Dr. Bell directed attention to an early southwestward glaciu- 
tion of the Reindeer lake and Athabascan region, by which the 
Laurentian boulders were probably carried thence across the 
Canadian extension of the G^reat Plains to the Rocky mount- 
ains. 
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Notes on the glacial geology of the Northeast Territories. By 
A. P. Low. A large region reaching from Hudson baj' south- 
eastward to lakes Nistassini and St. John was described in this 
paper. The interior of the country east of Hudson ba)' is mostly 
1,500 to 2,000 feet above the sea, being a moderately hilly 
Archaean plateau, more or less covered with drift and commonly 
sprinkled with innumerable boulders. All the drift and courses 
of striation are explainable by the action of land-ice, which 
flowed outward to the west, south, and east from the watershed 
that divides the streams tributary respectively to Hudson bay 
and the Atlantic. The material of the drift is mainly of local 
origin, but some boulders are known to have l)een transported 
200 miles. 

A chain of islands extending from south to north in the east 
part of James bay is a terminal moniine. These islands are un- 
stratified drift, rising to maximum bights of 150 to 200 feet. 
They were submerged for some time after their accumulation, for 
fossil marine shells are found in stratified beds overljing the till 
along the rivers flowing into the east side of Hudson and James 
bays to a distance of 40 miles inland, and the continuation of 
these deposits rises to an altitude of 070 feet. The ice-sheet here 
was probably thicker, and the Champlain submergence greater, 
than on the Labrador coast. 

The hight of the Bay of Fund if const in the Glacial Period rela^ 
tivc to sea h'vel, as evidenced hy marine fossils in the boulder clay 
at Saint John^ New Brunswick. By Robert Cifalmers. Close 
west of the harbor of St. John, N. B., the boulder clay or till 
encloses layers of stratified clay which hold marine shells. The 
till rises 40 to 60 feet above the sea and forms a tract about a 
half mile wide, overlapped on its borders by Leda clay and Saxi* 
cava sand. On the adjacent and underlying rock surface inter- 
secting glacial strije bear S. to S. 05° E., referred to the astro- 
nomic meridian. Directly north of this place are the rock hills 
known as Carleton bights, on which the striation bears S. 2° E. 
and S. 16° W. The materials forming the boulder cla}^ came 
from rock outcrops on the north. Boulders are plentiful up to 
8 or 10 feet in diameter. The upper part of the till is less com- 
pact than the lower, and landslips are frequent. Several sections 
of the till were described in detail, showing that it encloses thin 
layers of clay and sand with many shells of Yoldia {Leda) 
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arrttca^ and a few of Saxicara arctica and five or six other 
species. At the bay of Chaleurs and in other parts of New 
Brunswick fossiliferous marine beds resting on the till show that 
this region was depressed 175 to 220 feet daring the Champlain 
epoch or time of departure of the ice- sheet. The St. John sec- 
tions indicate several slight oscillations of the ice-front, as if 
it repeatedly retreated to the Carleton hills and re-advanced 
from them a short distance into the sea. The deposition 
of the Ledaclay ensued immediately after the recession of the 
ice. 

Mr. Upham said, in discussion of this paper, that the occurrence 
of Yitldia arctica as the only plentiful species in the intercalated 
clay layers of the St. John sections implies that the front of the ice- 
sheet was near. This species is now found living only in the Arc- 
tic ocean and thrives most,accordingto the observations of Baron 
de Geer in Spitzbergen, near the mouths of streams discharged 
from glaciers and muddy with the fine silt of their erosion. 

The nhaudoned Htramh of Lake Warren, By Andrkw C. L.\w- 
soN. As the author was not present, and had not forwarded this 
paper, it can be reported only by the following abstract sent by 
Dr. Lawson for the preliminary announcements of this meet- 
ing. 

The strands of lake Warren, on the north side of lake Superior, 
up to an elevation of 1,200 feet above sea level, are postglacial. 
It was not an ice-dammed lake. There was an outlet northward 
corresponding to one of its higher stages. A postglacial depres- 
sion of central Canada whereby the James bay slope was covered 
with marine sediments to a present altitude of 450 feet above tide 
and only 150 miles distant from lake Superior is correlated with the 
maximum fullness of lake AVarren,and the subsequent uplift is cor- 
related with its subsidence. The strand lines show no evidence of 
deformation. In the absence of ice dams and of a gorge of per- 
manent drainage, the level of lake Warren could only have been 
lowered by epeirogenic depression along its southeastern margin, 
that is, in the region south of lakes Huron and Michigan, which 
depression is thus coeval with the postglacial uplift of central 
Canada. High terraces and beaches are known to extend along the 
north side of lake Huron from Sault St. Marie eastward, and thev 
are reported on the high lands of the peninsula of Ontario ; so that 
lake Warren must have been the greatest of the known late Qua- 
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ternary lakes. Its area is roughly estimated at 150,000 square 
miles. * 

Tht Pleistocene history of northeastern Iowa. Bj' W J McGee. 
This paper was a partial resume of the author's memoir of this 
title in the Eleventh Annual Report of the U. S. Geological Sur- 
vey, now in press. Two incursions of ice from the north have 
each spread a drift sheet upon this district, and in each case only 
little of the drift can be ascribed to a local origin. Probably 95 
per cent, of both the earlier and later till and of the associated 
stratified deposits came from areas north of Iowa. Boulders of 
small size, comprising many of hornblende schist characterize the 
lower and older till, while the upper till has many large boulders 
of granitoid and gneissic rocks, usually occurring of all sizes up 
to 15 feet in diameter. Often much larger l)oulders are found, 
and one was mentioned having a diameter of 47 feet. 

A very remarkable feature of the early glaciation of this dis- 
trict is the absence of glacial strise, except in one isolated locality, 
on the bed rocks of a drift-covered country about 16,000 square 
miles in area. Not all of the preglacial residuary clay was re- 
moved, and no glacial erosion of the underlying rocks took place. 
Between the first and second ice incursions forests grew on this 
area and their remains form a forest bed of abundant logs and 
branches, with occasional peat accumulations, encountered by 
nearly every well of whole townships and traceable over several 
counties, lying between the lower and the upper till. 

The eastern part of the district is covered with loess, and the 
western border of the loess has a descent like a terrace 10 to 20 
feet or more, to the surface of the sheet of till which stretches 
thence westward upon the tract that was covered by the Minne- 
sota and Iowa lobe of the ice-sheet while the loess was being de- 
posited. Upon the till area loess occurs here and there forming 
ridges much higher than the surrounding land. These ridges 
named jf)a/ta, trend in parallelism with the movement of the ice- 

♦A different view, which regards lake Warren as a glacial lake, held 
by the barrier of the retreating ice-sheet on its northeast side and at- 
taining at its hiaximum stage probably only about half as great area 
as supposed by Dr. Lawson, is stated by G. K. Gilbert in "History of 
the Niagara River," »Sixth Annual Keport of the Commissioners of the 
State Kenervation at Niagara, for 1889, pp 61-84, with three maps 
(also in the Smithsonian Report for 1890), and by Warren Upham in 
Bulletin of the Geological Society of America, vol. ii, pp. 258-266, and 
vol. in, pp. 484-487. 
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sheet, and were deposited, like the gravel and sand eskers of 
other regions, in ice-walled channels of glacial rivers during the 
departure of the ice. 

In the ensuing discussion, Prof. Salisbury spoke of the ex- 
emption of the residuary clay and later of the forest bed from 
erosion by the ice invasions as phenomena of the marginal por- 
tions of the areas covered by the ice-sheets, while their inner and 
central portions were deeply eroded. 

Prof. C. R. Van Hise referred to the large size of the boulders 
in the later drift, which would suggest their probable derivation 
from a previously unglaciated region. 

Mr. Upham remarked that the preservation of the preglacial 
soil and of the forest bed shows that the ice in both its incursions 
rolled onto this district, with little or no sliding and eroding 
action of its basal portion, bringing its drift enclosed within the 
ice instead of pushing or dragging the drift beneath it which 
would have been attended with much erosion of the bed rocks at 
the first and of the forest bed at the later incursion. 

In the northwest part of Iowa, on the west side of this ice lobe, 
the Altamont or outermost moraine divides an area of till at the 
east from an area of loess 20 to 50 or even 100 feet higher at the 
west, showing the same relationship of the loess deposition to 
the contemporaneously ice-covered country as is found by Mr. 
McGee in northeastern Iowa. Not only the paha, or loess ridges, 
and eskers, but also drumlins, in their parallelism of trends with 
the ice movement, afford as reliable evidence of the direction of 
that motion as glacial striae. 

Dr. Bell stated that the hornblendic rocks of the Iowa lower 
till are abundantly developed northeast of lake Superior, while 
granites and gneiss predominate farther west. 

Mr. McGee, in closing the discussion of this paper, said that 
both the older and the newer drift of this district were probably 
transported in the same manner, whether subglacially or englaci- 
ally. The consideration mentioned by Prof. Van Hise may be 
indicative of a very long interglacial epoch between the two ice 
invasions, sufficient for deep stream erosion, the isolation of 
clifl^s and pinnacles of rock by weathering, and the production of 
boulders by disintegration of the bed rocks on the area of the 
earlier glaciation. 

[To BE CONTINrEI).] 
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MAlif AXD THE GLACIAL PEEIOD. 



Antiquity on Man in Eastern North America. 

By N. S. SuALBR, Cambridge, Ma8». 

Some years ago after reading the most of the literature con- 
cerning prehistoric man in northern Europe, seeing the collec- 
tions of the remains which had been gathered and examining 
some of the most indicative localities, I undertook certain deliberate 
inquiries to see what evidence of a similar nature could be found 
in this country. The first point I endeavored to examine lay in- 
a field which otherwise interested me, that occupied by our 
caverns of the Ohio valiej'. Noting the fact that primitive man 
had extensively resorted to the caverns of the old world and had 
left there extensive accumulations of bones, his own and those of 
species on which he fed, with man}- other evidences of his pres- 
ence, T expected to find similar deposits in our caves and rocks. 
A good deal of fruitless work led me to the conviction that cave 
dwellers never existed in the Appalachian district in the way they 
did in northern Europe. 

In 18G9 I made extensive excavations at Big Bone Lick in 
Kentucky, parth' with the hope of finding human remains mingled 
with the abundant bones of extinct mammalia which occur 
in the deposits of mud at that point. Here again I gathered only 
negative evidences which went to show that primitive man never 
hunted the elephant, the mastodon, the Ovibos and other large 
animals which fre([uented this region about the time of the glacial 
period, prol)ably when the ice lay over the region north of the 
Ohio. As this field would have been an excellent hunting ground 
for earl}' man, as it was for their successors, the red Indians, and 
the frontiersmen, it seemed to me strange that 1 could not find 
a single trace of man below the level occupied by the living bison 
which evidently comes to this district in modern days. In this 
superficial layer made up mainly of bison bones, I found a 
number of arrow or spear heads. It also seemed to me important 
to trace the remains of the * 'mound builders" or earl}- American 
Indians backward or downward to see if they graduated into 
those left by yet earlier varieties of man: with this idea in mind 
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I searched the hanks of the Ohio and its tributaries for a distance 
of a hundred miles or more to see if the sections of its alluvium 
might show human or art remains of another kind than those 
derived from the known indigenes of this countr}'. This work 
also proved substantially fruitless. Traces of savage man ap- 
peared at many ix>int8 but they were all superficial ; in the deeper 
parts of the sections I found nothing which could fairly create a 
suspicion that a really ancient member of the species had dwelt 
in this valley. Whenever 1 could establish anything like time 
ratios they seemed to show that man had not been at work in this 
part of the countr}' for more than one or two thousand years. 1 
attach little importance to these efforts I made to show the an- 
tiquity of these remains but the result of many such endeavors 
was to incline me to the view that the oldest of them did not, 
much, if at all, antedate the Christian era. 

I have made little mention in print of my efforts to trace the 
existence of man in the region east of the Mississippi, partly for 
the reason that the evidence gained was purely negative and 
as such was of no great value; it'seemed likely to be overthrown by 
subsequent inquiry. The onl^^ positive conclusion which I at- 
tained was to the clfect that man had never taken to our caves or 
hunted our larger herbivora in the way he did in Europe, and if 
he occupied this part of the continent in the time when he was 
settled in the old world his habits were peculiar. 

After these resultless efforts to get upon the trail of a primitive 
man in the eastern part of the Mississippi valley and at other 
parts in the southern Appalachians. I undertook in a more 
general way to search for such evidence in the New England 
district. Here too I failed to ascertain anything which could be 
reckoned as proof that man had been on the ground for two 
thousand j'ears; in fact 1 have seen nothing which raised a pre- 
sumption of his presence for half that time in the region north of 
New York. There is no clear evidence, however, as to the length 
of his sojourn in this district which is known to me. 

It is perhaps well to say that at every stage of my entiuirie.s 
lx)th in New England and in the Ohio valley I have always found 
accommodating persons who were ready to supply me with just such 
evidence as thev knew I desired to obtain. I remember a clever 
person near Cumberland gap who found ancient pipes * 'galore*' in 
most improbable places; they were excellent antiques except as to 
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the tubes which when broken showed a singalar irregularity iu the 
penetration of the decay. I have had an excellent medallion of 
a European face tendered me with ample affidavits to prove that 
it was taken from compact upper Silurian beds in southern Ken- 
tucky, and in a more eastern locality a kindly farmer tried to sell 
me a swamp in which he was certain that I would find mammoth 
and other remains: he seemed, indeed, prepared to guarantee the 
importance of the prospective discoveries. By no means all of 
these helpful people seemed to be actuated by a desire for gain; 
many of them were clearly moved by a sincere w^ish to help a 
fellow to secure some pleasure in his way of life, and incidentally 
to see whether he was well informed as to the nature of living 
man. These negative and positive bits of evidence tended to 
make me rather critical of all the discoveries which I have seen 
or heard of which appear at first sight to show that man was in 
the region east of the Mississippi antedates the close of the last 
glacial epoch. I do not think, however, that I have been more 
of a skeptic than it is wholesome to be in such enquiries where 
above all else it is necessary to maintain a state of doubt, until 
the facts array themselves in a clear manner. While in this state 
of mind I saw the Trenton gravels where Dr. C. C. Abl)ott has 
made his important researches. 

During my examination of Dr. Abbott's localities, which was very 
hurried, I saw only enough to convince me that the Trenton beds 
contained an abundance of chipped flints which have much the 
aspect of those which have been rudely shaped by human agency. 
At the same time I felt how difficult it was to account for their 
presence in the deposits if we supposed them to be the work of man. 
It was hardly reasonable to imagine that they were dropped into the 
water at the time when the beds were forming and to suppose that 
they were on the surface of the country whence the glacial waste 
came before the advent of the ice called for a yet more trying feat 
of the imagination. It was not difficult to find in New England 
deposits in history corresponding to the Trenton gravels and to 
these graded by Dr. Abbott's valuable discoveries and to these I 
addressed myself as opportunities were presented. I found readily 
enough that the sand plains of southern Rhode Island and southeast- 
ern Massachsetts deposits found on the seawardside of the mo- 
raines of the last ice epoch to which 1 have given the name of 
* -frontal aprons" here and there contained chipped pebbles which to 
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mj' eye at least resembled those from Trenton, though none of them 
are so artificial in appearance as the specimens from that locality. 
Finally in the washed gravels of Nantucket I came upon a field 
where chipped stones were numerous and they seemed to me 
essentially like those from New Jersey. There were differences in 
the artificial looking bits from the two districts but these varia- 
tions could, it appears to me, be accounted for by the unlikeness 
of the rocks whence the materials come. 

Approaching the problem with some care I at first made a col- 
lection of the artificial looking stones which I found on Nantucket, 
endeavoring to ascertain the range in size and in the departure 
from perfectly normal pebbles. The results of this inquiry are set 
forth in Bulletin 53, of the U. S. Geol. Survey; briefly stated they 
are as follows: The apparently washed bits of this section vary 
in size from those less than half an inch in diameter to those 
weighing many pounds, and a foot or more in length. The varia- 
tion in the measure of departure from the form of the ordinary 
pebbles is great; some of the fragments showed only a trace of 
fracturing on the edges and would not arouse any suspicion of 
artifice, others were so shaped that it is diflBcUlt to resist the con- 
clusion that they have been deliberately shaped by man. 

It became evident to me that if one searched these deposits of 
washed drift with the eye prepared to find implements, an uncon- 
scious choice was made of those having forms which would place 
them in this category ; if, on the other hand, every chipped stone 
was taken the variety thus gathered was so great that it soon be- 
came at once embarrassing and instructive. It was made plain that 
somewhere near one per cent, of the flatter pebbles in certain 
parts of the deposit were thus chipped. The specimens were not 
exactly similar to those which I found in place at Trenton, but the 
difference was apparently due to diversity in the nature of the 
materials of which these fragments were composed. The evi- 
dence seemed to me irreconcilable with the supposition that these 
fractured stones were due to the work of man. They were too 
numerous and too varied in form, many of them could not have 
been chosen by the most primitive man with the intention of 
adapting the original form to any use. The onh* reasonable ex- 
planation seemed to be that which 1 offered in the above men- 
tioned report, Bulletin No. 53, U. S. Geol. Sun-ey. This is in 
effect as follows: When pebbles of tsxvs rock which contains 
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numerous undeveloped joints for a time lie in a position where 
the}' may be affected b\' deca}' the incipient fracture planes are 
thereafter easily opened b}' a relatively slight strain. Such a 
stress applied to the pebbles which now lie in our modified drift 
will often lead to the chipping of the stones. There is much evi- 
dence going to show frequent advances and recessions of the 
glacier during the last ice period; each of the pauses of the on- 
going would be likely to give a chance for the process of decay to 
take effect. In the next advance of the ice one can readilv believe 
that the movement developed the incipient fractures and polished 
the new made facets by the friction brought about in the moving 
mass of pebbles and sand. 

I do not intend to say that all the artificial looking stones which 
have been found in our earlier drift deposits have l)een formed 
in a purely natural way, yet 1 am prepared to affirm that at least 
•one enquirer who has tried to approach the matter in a dispassionate 
manner has found it necessary to guard himself in a careful manner 
from self deception as well as against the devices of others. It 
is clear that there are perfectly natural processes by which pebbles 
may be chipped in such a manner that now and then one of them 
may have a very artificial aspect. Finding unquestionable stone 
implements on the surface or at shallow depths, within the cul- 
ture la3'er, it is natural to suppose that the lower h'ing chipped 
pebbles are ruder specimens of the same general nature. It is 
clear that just here we have a pitfall most dangerous for the un- 
warv. 



Oldkr Drift in thk Delaware Valley. 

A. A. Wrioiit, Oberlin, Ohio. 

So large a question as the unity or duality of the glacial epoch 
must necessarily rest upon a great variety of considerations. The 
only point to which reference will here be made is the question of 
the existence of a distinctly older drift in the Delaware valle}^ a 
region which I have examined with some care, and concerning 
which I will offer onl}' the briefest summary statements. 

It is stated in the geological report of New Jersey for 18J)I that 
glacial deposits exist far south of the '^terminal moraine" of the 
* 'second" glacial epoch, which crosses the Delaware river at Bel- 
videre; that these deposits cannot be considered as the attenuated 
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border of the later drift, but that they constitute one of the 
clearest proofs of an earlier glacial epoch. 

1. The farther south these deposits are detected, the greater 
is the likelihood that they were independent of the later ice- sheet. 
Everything south of the moraine is treated as belonging to one 
categorj'. A series of deposits is enumerated, beginning with 
Oxford Furnace and Little York, N. J. , three miles south of the 
moraine, which all will concede are true land-ice deposits, and 
continuing on, without break, to ^^glaciall}' striated boulders'' at 
Monmouth Junction, N. J., thirty miles south of the moraine, *'a 
subdued terminal moraine" eastward from Trenton, forty miles, 
**drift closely resembling till," at Falsington, just west of Tren- 
ton, and '*drift'' at Bridgeport, opposite Norristown, Pa., fifty 
miles south of the moraine, <^the southernmost point at which 
glacially striated material has been seen. " 

Since it was pointed out* thatthese southernmost deposits are all 
within 100 feet above tide and have doubtless been transported by 
water and floating ice from the glaciated area, the author quoted 
has, as I understand, relinquished any claim that he may seem to 
have made, that an ice-sheet ever.extended further south than High 
Bridge and Pattenburg, N. J., about thirteen miles south of the 
moraine. This simplifies the problem, and greatly reduces the 
area which needs discussion. 

2. The claim is still maintained that the glacial deposits south 
of the moraine exhibit such superior oxidation as to prove their 
vastly greater age. This is a more difiScult question to decide. 
The claim should rest upon an extensive series of comparisons, 
and it should be shown (1) that the oxidation took place in situ, 
and (2) that it was post-glacial and not pre-glacial. The deposit 
at High Bridge, N. J., upon which stress is laid, certainly exhib- 
its a high degree of oxidation and ferrugination, but it must be 
clearly differentiated from the deposits nearer the moraine, {a) in 
that it contains little or no material that has been ])rought from as 
far north as Kittatinny mountain, (h) in that it rests in a cradle of 
decomposing, ferro-magnesian, Archaean gneiss, into which it& 
finer elements almost seem to graduate at the eastern end of the 
cut, thus suggesting that its material is mostly local and its oxi- . 
dation pre-glaeial. 

3. The general composition of the deposits between the mo. 

♦American Gkologist, x, 207. Am. Jour. Sci., xliv, 851. 
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raine and the southern border of the glaciated area is essentiall}' 
the same as that of the moraine itself, and of the deposits north 
of the moraine. The bowlders are mixtures (^a) of similar types 
of granitoid rocks from the far north, (6) of easily recognizable 
upper Silurian rocks from a moderate distance north, (c) of local 
types of gneiss, lower Silurian limestone, flint, vitreous quartz 
and slate. In many places there are such abundant accumulations 
of bowlders and till that the line of the moraine could well be 
brought farther south than it is plotted, without doing violence 
to the facts. The case in New Jersey seems similar to what is 
known in Ohio and elsewhere, viz. : that the moraine does not 
mark the southernmost extension of the ice-sheet, but only the 
first halting place in its northward retreat. A clearer differenti- 
ation of the earlier from the later drift is needed before we can 
be sure of its duplex character. 



SiTPPosEi) Glacial Man in Southwestern Ohio. 

By Frank Leverktt, Chicago, 111. 

The vast majority of so-called palsBoliths* in this country are 
found on the surface or in talus, but few being even claimed by 
Iheir discoverers to have been imbedded in the undisturbed deposits, 
either of glacial or of post-glacial age. The great preponderance 
of such stones on the surface naturally leads to skepticism as to 
the authenticity of the alleged finds in undisturbed glacial depos- 
its. The interpretation of the age and method of imbedding of 
those reported to be in undisturbed deposits should, therefore, be 
supported by an array of evidence such as will leave no room for 
doubt as to its correctness. In few, if any, cases has a find been 
subjected to such a critical examination as would develop evi- 
dence of a conclusive nature. In the case of the finds in south- 
western Ohio, where I am personally acquainted with the character 
of the deposits the conditions are as follows: 

The Madisonville chipped stone was discovered by Dr. Metz in 

*Mr. W. H. Holmes has demonstrated that a series of chippings 
similar to the so-called paheoliths are made in j^reat numbers m the 
manufacture of modern neolithic implements. The so-called pal»*- 
oliths, like the rejects among neolithSjShow no signs of use. The pre- 
sumption is that. all rudely chipped stones that have been found are 
neolithic rejects^ and strong evidence to the contrary is required in 
every individual case where paheoliths are claimed. 
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the excavation of a cistern at his residence. It was foand about 
eight feet from the surface at the top of a gravel bed. The 
gravel is overlain by a reddish clay. This reddish clay occu- 
pies a basin of perhaps a square mile in extent, bordered on the 
north and east by an elevated upland, on the west b}'' a nearly 
plane lowland tract underlain by bowlder clay and standing 20 to 
40 feet above the basin, and on the south by a line of dunes or 
low sandy ridges fringing the bluff of the Little Miami river. If 
we examine the bordering districts we find a surface capping of 
pale silt 8 to 5 feet thick known locally as white clay. This 
white clay (on the uplands at least) is apparently of the same age 
as the main loess deposit of the Mississippi ba^n and is decid- 
edly older than a late ice invasion whose outer moraine is found n 
few miles north of Madisonville. Perhaps the Madisonville red 
chiy is of the same age as the white clay but of this we cannot as 
yet be certain for the situation is such, being in a lowland tract near 
the Little Miami river, that it might have received deposits at 
the Hood stages of that stream down to a period as late as the late 
ioe-invasion above referred to, and being in a basin it might have 
received deposits by the wash from the neighboring uplands even 
In postglacial time. It is, therefore, by no means easy, and in 
the present stage of investigation is not possible, to fix the exact 
age of the deposit. Even the indefinite chronological term 
<< glacial terrace epoch" applied to it by Prof. Wright is not 
sweeping enough to cover all the possible range in time of deposi- 
tion. 

If we turn to the question of method of deposition we shall 
find ourselves even more at sea than in the question of the age 
of the deposits. The chipped stone was lying so near the sur- 
face that there are several ways in which it might have been in- 
truded through natural agencies at almost any time since the red 
clay was deposited. Chief among these agencies are the follow- 
ing: 

Ist. By cracking and opening of the clay in seasons of un- 
usual drouth. Cracks eight feet in depth are not at all rare in 
such deposits. Where a clay is underlain by gravel the con- 
ditions ai"e especially favorable for their formation. 2nd. By 
roots of trees. In deposits of this kind the water level is liable 
to become very low in seasons of drouth. This being the case 
such trees as occupy this region, especially the white oak, would 
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send down tap roots to a much greater depth than eight feet If 
now we take into account the number of generations of trees that 
have occupied this ground* it would seem probable that scarcely 
a square foot remains which has not at some lime been occupied 
by large t ip roots. When a root decays the surrounding earth set- 
tles into the cavity and if this process be repeated several times 
the amount of intrusion which a chipped stone might undergo is 
considerable. 3rd. By burrowing animals. These animals might 
begin their passage through a hollow, partially decayed root and 
thus help on an intrusion which the decay of the root hftd initi- 
ated. 

It should be remarked that the above methods of intrusion may 
be sufficient to account for the occasional burial of a chipped 
stone but could not account for the occurrence, at this depth, of 
a stratum or well defined horizon characterized by a vast number 
of such stones. In the case under discussion, however, only the 
one stone has been found. It therefore remains a question 
whether it was dropped before the clay was deposited or has been 
buried subsequently. 

The Loveland chipped stone was found by Dr. Metz in the 
valley gravels of a Little Miami terrace. These terraces occur 
now only as occasional remnants in the recesses of the valley so 
that continuous tracing cannot be made, but there appears no 
reason to doubt that the terrace at Loveland is the deposit of a 
glacial stream having the age of the outer moraine of the Miami 
and Scioto glacial lobes. This being the case it is referable to a 
distinct stage in the glacial epoch whose relationships to the gla- 
cial epoch as a whole are under investigation by the U. S. Greo- 
logical Survey at the present time. 

The bed at Loveland from which Dr. Metz extracted the 
chipped stone was exposed in a railway gravel pit and is 20 to 25 
feet below the surface. It consists of loose gravel carrying con- 
siderable sand, it is nowhere firmly cemented and as a rule is 
entirely free from cement. The large admixture of sand might 
render it difficult to. determine whether or not certain portions of 
it are undisturbed and even more difficult to determine whether 
a chipped stone or, for that matter, any particular Btone had been 

*It is estimated by Prof. Chamberlin, to whom 1 am indebted for 
many useful hints in the study of such questions, that in the time 
since the last ice invasion there would probably have been at least 
fifty generations of trees on this ground. 
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introduced into it by dropping from above, or by any other 
means. Upon my examination of these deposits in 1891 I ex- 
pressed the following opinion, which, in the light of further reflec- 
tion and wider acquaintance, has become a strong conviction : 
<<When a question so important as that of the date of the ap. 
pearance of man may depend upon the correct determination of 
the original position of a stone in such loose and poorly assorted 
gravel it is well to withhold judgment until every line of evi- 
dence has been thoroughly worked out. As the evidence now 
stands it is, in my opinion, not conclusively proven that man in- 
habited this portion of the Ohio valley during the glacial period." 



>L\N AND THE GrLACIAL PERIOD. 
Wahrcn Upuam, SomerviUef Mesk. 

The extraordinary interest aroused by Prof. Wright's new book, 
^<Man and the Glacial Period," seems to me attributable to the 
present transitional state of glacial geology, which, both in Amer- 
ica and in Europe, especially in the United States and England, 
is passing from old to new interpretations of the great body of 
observations faithfully noted during many ^-ears. Whether the 
workers have seen the significance of their observations dimly and 
erringly or with clearness and sound judgment, in either case we 
owe much to their efforts as pioneers. If any investigators now 
see farther or better than their fellow-workers or than those of 
other countries or former years, it is largely due to the vantage 
ground given by the previous literature of the Ice age. There- 
fore every amateur worker who comes into this field and devotes 
his spare time to glacial explorations and studies, as Prof. Wright 
has done during the past fifteen years of our acquaintance, de- 
serves the hearty welcome of all fellow-glacialists. 

Prof. Wnght is adversely criticised chiefly for his beliefs, first, 
in the unity or continuousness of the Ice age on this continent, 
and, second, in the contemporaneous existence of men occupying 
the entire width of the United States along the southern bound- 
ary of the ice-sheet. Opposed to the first of these opinions is 
the belief of his critics, that the glacial period here comprised 
two distinct epochs of glaciation, divided by a long interglacial 
epoch. It is claimed that the evidence for two glacial epochs is 
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most conclusively exhibited along the marginal portions of the 
drift; but this belt has been specially examined by Prof. Wright 
from the Atlantic to the Mississippi, and in Nebraska and South 
and North Dakota, from which he thinks that the best explana- 
tion is by a single glacial epoch, with moderate retreats and re- 
advances of the ice. In the light of Russell's observations of the 
Malaspina glacier or ice-sheet, which show that the forest beds of 
Illinois, Iowa, and adjoining states, may be readily explained b}" 
oscillations of the ice-border, the doctrine of continuous glacia- 
tion seems to me more probable than that of duality. It is help- 
ful to have both views under consideration, since thereby more 
careful attention is given to the examination of tlie drift and to 
the study for a consistent and complete explanation of the Ice age 
and of the diveree ways in which the various deposits of glacial 
and modified drift were produced. 

Some of Prof. Wright's reviewers think that there is so strong 
a presumption against the presence of man in America during the 
Ice age, that all the stone implements and flakes of their manu- 
facture discovered in deposits of Glacial age by Abbott, Putnam, 
Shaler, Metz, Mills, Miss Babbitt, Tyrrell, McGee, Whitney, 
King, and others, should be rejected, as belonging instead to post- 
glacial times, because of this assumed improbability that men 
could have reached this continent before the end of the Glacial 
period. This prejudice seems to have no sufHcient foundation. 
Before the beginning of written or traditional history, the three 
great races of mankind had become apparently as distinct from 
each other as they are to-day, and this historic period extends 
back nearly or quite to the time when the North American ice- 
sheet finally melted away. To me it seems far more probable 
that the native American peoples, now generally considered a 

division of the Mongolian race, had migrated to our continent 

• 

from northeastern Asia during the early Quaternary time of gen- 
eral uplift of northern regions which preceded the Ice age, as 
shown by their fjords and submarine valleys. Then land prob- 
ably extended across the present areas of Bering sea and strait; 
but during the Postglacial epoch, according to Dall, Bering strait 
has been somewhat wider and deeper than now, and the neighbor- 
ing coasts have undergone recent elevation. The many divergent 
branches of the American peoples, and their remarkable progress 
toward civilization in Mexico, ('entral America and Peru, before 
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the discovery by Columbus, iftdicate for this division of mankind 
probably almost as great antiquity as in the eastern hemisphere, 
where many lines of evidence point to the origin and dispersion 
of men at a time far longer ago than the G,000 to 10,000 years, 
which measure the Postglacial epoch. 
SoinerviUe, Mass.^ Fob. J, 1893. 



PREoriAoiAL Man not Improbablk. 

By E. W. Clay POLE, Akron, O. 

The nature and date of the Ice- Age are important elements 
in the problem of the antiquity of man, because as we trace him 
back into the past, we seem almost to lose the trail when we 
touch the edge of the ice. Thus these questions are raised, ' * 'Bid 
man live during the later stage of the glacial era, or was he even 
in existence, as man, before this last stage began?" So far as 
Europe is concerned, the former of these questions must be affirm- 
atively answered, and not a little evidence has been accumulated 
toward giving a similar reply to the other. But in regard to 
North America, the question at present stands in a different 
position. A certain amount of evidence has been collected, satis- 
factory'' to many, but not to all archaeologists, in favor of man's 
presence here immediately after the culmination of the glacial 
era. But we have as yet absolutely no reason for thinking that 
North America was a human abode before the last oncoming of 
the ice-sheet. The discrepancy is puzzling. The antiquity of 
the human race, judging from the facts thus far attained, must 
apparently be greater in Europe than in America. That the old 
world should be the evolutionary home of the race is in harmony 
with the facts of biology. There are to be found, all the four 
anthropoid apes, man's nearest animal relatives. And not only 
so, but the monke3'3 and baboons, more distant still, are entirely 
Eurasian and African. Only the comparative!}' distant cebids or 
spider- monkeys, etc., are natives of the western world. Their an- 
atomical structure is so different from man's, that comparison is 
out of the Question. 

And yet when we consider the wonderful manner in which man, 
even savage man, has wormed himself into the most inaccessible 
places, such as Easter and the other islets of the Pacific, it is 
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difficult to understand why he failed to reach and occupy so large 
an area as America, which seems to be as accessible then as now, 
or, at some periods, even more so. Negative evidence is proverbi- 
ally untrustworthy in geology, and we may yet come upon the 
trail of glacial man on this continent. 

So long as the astronomical theory of glacial climate prevailed, 
biologists hesitated to accept a doctrine which required them to 
assign a specific life to man of 80,000 years if only post-glacial, 
and of 150,000 if inter-glacial. So long a time, though possible, 
was against probability. But now that more moderate figures are 
being adopted, their reluctance to believe in post-glacial and 
glacial man is giving way, and they are more willing to allow the 
evidence. 

It is, however, still impossible to assign a date to glacial 
time. If the era was interrupted by a long inter-glacial spell of 
mild climate, when the ice entirely disappeared, higher figures are 
necessary than if the era was unbroken. On this point, the most 
energetic controversy now prevails. Granting the former and the 
inter-glacial date of man, or some anthropoid deserving that name, 
his age must be much greater than on the latter view, and yet need 
not be so great as to alarm the biologist. The enormous figures 
given by some are probably quite transcendental. Suspense of 
judgment and patience, are the proper states of mind in the 
present condition of the question. Positive statements, such as 
some that have recently appeared, are entirely premature and un- 
warranted. 

Yet one word more. It is not likely that the evolution of man 
was sudden. If an anthropoid or several such intervened 
between him and the pithecoid branch from which he and his 
simian relatives have sprung, time must be allowed for the pro- 
cess of development. If then all the traces of worked or used 
stones thus far found are human indications, we must allow to 
man's semi-human ancestors, an earlier era in which they more or 
less slowly emerged from the brute. 

When all these considerations are taken into account, there 
seem to be no valid objections to the existence of inter-glacial or 
of glacial man, but on the other hand, strong grounds for antici- 
pating that his remains or traces will be found more abundantly 
and possibly of a date older than any yet met with. 

When the testimony of history is added, we may go one 
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step farther. The story of Egypt, as now understood, carries us 
back at least forty centuries before the Christian epoch. At that 
time, Egypt was no nation of half-civilized men, still less, of 
barbarians, but she possessed a stable government, a wide influ- 
ence, and above all, the art of writing in a rudimentary form. 
The slow progress that was made in early times, compels us 
to believe, that such a condition argues not a few centuries of 
preceding development from savagery, either in the valley of 
the Nile or elsewhere. When the necessary addition is made to 
Egyptian chronology for this reason, we are almost driven to the 
admission that that empire may have been in existence, though 
infantine, while the glacial sheet was yet lingering over North 
America, if not over northern Europe. Neolithic man may yet 
be traced back to the valley of the Nile, and the dark continent 
ma}' prove to have been the mother and the nurse of civilization 
and the arts. 

The differentiation of the varieties of the human family at so 
early a date, as shown by the monuments, proves that in times so 
distant the race was ethnically nearly as it is now. The ante- 
Egyptian era must therefore on this ground have been long. 
Without taking an extreme view, time must have been one of the 
potent factors in the differentiation and distribution of man. 

Accepting then the comparative recency of the ice-age, and 
the antiquity of man chronologically, it is difficult to find good 
antecedent ground for rejecting evidence in favor of glacial or 
inter-glacial or even pre-glacial man. All such evidence, must of 
course, be most carefully sifted, as it has been in Europe, but we 
cannot see any reasonable ground for the excessive perturbation 
of spirit which some archaeologists and geologists have shown 
over a brief summary of the facts, as already accepted by many. 
Only the devout believer in the special creation of man without 
any organic or genetic connection with his *'poor relations," so- 
called, need be at all excited over the Tuscarawas flint and other 
**finds. " Whether palaeolithic or not, we will not enquire. This 
distinction has not yet crystallized here as in Europe and especially' 
in England. Those who adopt the evolutionary belief in man's 
origin will see in this and other similar instances merely what was 
to be expected, and the onl}' question to be solved will be — Did 
man in America advance from ver}^ early and rude conditions to 
those of historic times, or did he migrate at a later stage from 
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the old continent, and only pass the relatively higher portion of 
his development here? At present the answer inclines toward 
the latter view, but this may be reversed at any time by new dis- 
coveries. We must await the result. 



Professor Wright's Book a Service to Science. 

By N. II. WiNCHELL, MiDneapolie. 

If Prof. Wright has made a mistake in the presentation of the 
case of pala^lithic man, it is his misfortune rather than his fault. 
Not admitting that he has made any mistake we have still to ad- 
mit that the evidence of palieolithic man in America has not been 
all first-class either in quality or in quantity, and that at about the 
same date as the appearance of his book Mr. Holmes and others 
were assiduously studying the question and revising much of the 
old data, subjecting them to sivch a scrutiny as the importance of 
the question demanded. Mr. Holmes seems to have demonstrated 
the inadequacy of much of the evidence that was relied on, but 
this was not known at the time Prof. Wright was writing, and he 
is not to blame for depending on such evidence as he had avail, 
able. Tiie book is designed to present the evidence as it stood, 
and I do not know that any one in his circumstances, writing at 
that time, would have come to any other conclusion. If that ev- 
idence finally shall be all rejected it will be a service to science that 
it was allowed its full value in such a summarv.if it be sustained 
it will be a striking instance of Prof. Wright's sagacity and dis- 
crimination. Prof. Wright is a well known glacial geologist and 
has exercised the privilege which every American citizen has, of 
using published records, discussing them, and combining them to 
reach such conclusions as he may feel warranted to publish, and 
for that he should not be held to personal account. 



A Si.NdLE (tlaci/VL Epoch in New England. 

C. II. Hitchcock, Hanover. 

AVith the identification of terminal moraines of the great ice- 
sheet in New England it is possible for us cast-iron geologists both 
to study phenomena analogous to those known from the west, and 
to observe their connection with marine deposits. So far as 
known it has seemed to me that the New England phenomena do 
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not call for more than one ice period, subdivided into epochs by 
successive terminal moraines. There are forest beds and clays 
between sheets of till, but nothing of much magnitude — nothing 
more than could accumulate in the time elapsing between the for- 
mation of the moraines. On the sea shore we have clearly, first, 
an earl}^ pre-glacial Quaternary deposit with numerous fossils, 
such as the quahog and oyster; second, the Champlain marine 
beds, both littoral and pelagic, of an arctic character, and hence, 
presumably glacial: and, third, sands and clays with modern 
shells and other organisms in them. Many of the so-called 
Champlain deposits belong to this later period. The possibility 
of a dual Ice-age has always been borne in mind in my glacial 
studies, but I have not yet seen any wide-spread phenomena de- 
manding such an interpretation of nature. 



What was the Orkhn of Post-Glacial Man? 
Prof. Putnam regrets that, much as he would like to express 
his views on the subject of palaeolithic man, his duties make it 
impossible at present. He says: * 'Nothing which 1 have yet 
read on the subject has shaken m}- faith, as these articles have 
only been partial treatments of the subject; while all admit that 
man must have been on the North American continent at least as 
early as the close of the Glacial period. I simply ask. Where 
did he come from at that time?" 



Additional Evidence bearing upon the Glacial History of 

THE Upper Ohio Vallev. 

By Prof. G. P. Wright, Oberlln. 

Several of the most important questions relating to present dis- 
cussions concerning the unity of the glacial period in North 
America have much light shed upon them by the gravel deposits 
of the upper Ohio valley. As is well known, these deposits are 
mainly found At two rather definite levels. The lower terraces 
rise directly from the river bed to a hight which rarely exceeds 
120 feet; even this hight is attained only where the northern 

tributaries which come in from the glacicvted region, were sup- 
plied, during the close of the glacial period, both with super- 
abundant fioods of water and with superabundant glacial dehrh. 
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The terrace upon which the better portion of Cincinnati is bailt 
represents one of these enlargements of the lower set of glacial 
terraces. Another appears at Portsmouth, at the mouth of the 
Scioto, and another just below Marietta, at the mouth of 
Muskingum. No other appears in going up the river, until 
reaching the vicinity of Big Beaver creek, which is the first 
stream of importance which comes into the Ohio from the glaci- 
ated region between Marietta and Pittsburgh. " The bouldery ter- 
race at the mouth of the Beaver is about 130 feet above low* 
water mark. 

But the trough of the Ohio has been eroded to a considerable 
depth below its present bottom, and has been filled with gravel, 
in places at any rate, up to the hight of the terraces just men- 
tioned. At Cincinnati the rock bottom is more than 100 feet 
below the present bottom^ The Tuscarawas river and Beaver 
creek have likewise been filled up for more than 100 feet above 
their rock bottom. 

The present channel of the Ohio river occupies a comparatively 
narrow trough or gorge worn through parallel strata of limestone 
and sandstone to an average depth, estimated from the rock bot- 
tom to the rock shell of the ancient base-level, of about 300 feet. 
The rocky shelf marking this ancient base-level is fairly distinct 
in the whole upper portion of the Ohio and of its tributaries. 
The narrow gorge or trough eroded in it is probably not less than 
1,200 miles long, as the river runs, while the gorges of the tribu- 
taries would almost double the amount. Now the bordering rocky 
shelf of the ancient base-level is covered at various places with 
extensive water deposits containing considerable granitic material, 
both in the shape of gravel and small pebbles and occasionally 
of boulders of considerable size. That the water making this 
deposit was iceladen is evident from frequent angular fragments, 
from one to three feet in diameter, which are mingled with the 
finer stratified material. These upper terraces are therefore 
clearly of glacial age. For as there is no granitic material in 
place in the upper Ohio valley, it could only be derived from the 
dehriH brought by glacial ice into the valley from Canada or the 
Adirondacks. 

The question raised by the facts here summaril}' stated is 
whether or not this vast erosion of the trough of the Ohio below 
the level of the upper gravel terraces was preglacial or intergla- 
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cial. Prof. Chamberlin is strongly of the opinion that it is inter- 
glacial, and. that this immense erosion marks the separation in 
time between the first and the second glacial periods. Some idea 
of how great the lapse of time would be may be obtained by com- 
paring the generally acknowledged postglacial gorges, like those 
below the falls of Niagara and the falls of St. Anthony, which 
are only a little over seven miles long, with this supposed inter- 
glacial gorge, which is deeper than the others mentioned, and 
from 150 to 200 times as long. 

The theory^ which I, with many others, have maintained is, that 
this gorge of the Ohio is preglacial, having been worn with con- 
siderable rapidity during the continental uplift which culminated 
contemporaneous!}' with the climax of the glacial period, when 
the general elevation was considerably more than now ; that then, 
during the Champlain subsidence, which increased northward, the 
gorge was filled with water and to a considerable extent with 
glacial debriH^ when these deposits were made upon the rocky 
shelf of the old base level. My theory of the glacial dam at 
Cincinnati was at firet thought by the Pennsylvania geologists to 
give much assistance in simplifying the problem and in account- 
ing for the facts, and while doubtless it was at first worked for 
rather more than it was worth, it is by no means clear that it has 
been entirely disproved or rendered entirely useless. 

The most important crucial test which 1 have heretofore pre- 
sented was that of Beech fiats, in the northwestern part of Pike 
county, Ohio, at the head of the Ohio Brush creek. The facts 
respecting this with a map were detailed in m}' Bulletin (58) of 
the United States Geological Survey, pp. 92-96, and repeated in 
my volume on **The Ice Age in North America,*' pp. 332-3B5. 
These flats lie in front of the glacial boundary, where it passes 
over into the headwaters of the Ohio Brush creek. It is from 900 
to 1,000 feet above tide, and from 400 to 500 feet above the 
Ohio river at the nearest point. It is evidently a deposit from 
glacial streams where the}" entered still water. Otherwise Ohio 
Brush creek would have been lined with glacial terraces through- 
oat its extent, as all other streams similarly situated are. But 
there is no such distribution of gravel down the Ohio Brush 
creek, as ordinarily characterizes the streams which flow south- 
ward from the glaciated area. Evidently from some cause there 
was here a still water level which was maintained until the ice 
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had withdrawn a short distance into the watershed of Paint creek, 
which flows into the Scioto at Chillicothe, and which is strikingly 
marked l)}^ glacial terraces. The most likely explanation of this 
•complicated series of facts is furnished by the Cincinnati dam. 

The additional evidence which I now have to present is similar 
to that afforded rft Beech flats, and was discovered last December 
while exploring the lower portion of the valley of Big Beaver creek, 
Pa., under the guidance of Mr. Kichard R Hice. It will be re- 
membered that two or three years ago Dr. P. Max Foshay and 
Mr. Hice made an important discovery of glacial furrows in the 
Beaver valley three or four miles south of the limit which Prof. 
Lewis and I had set to glacial action in that vicinity. These fur- 
rows were on the west side of the Beaver, near the southern line 
of Lawrence county, a little above the mouth of the Connoquenes- 
sing creek, which comes in from the east. 

On reviewing this ground with Mr. Hice, we found a pretty 
well-marked terminal moraine on the promontory just above the 
junction of the Connoquenessing with the Beaver. Below this 
point, as well as above, the rock shelf of the old base-level 
spoken of was covered for some miles with overwash gravel, and, 
upon the western side especially, lay occasional boulders of large 
size, which had probably been distributed by water more or less 
-choked with floating ice. The elevation of this rock terrace here 
Above the river which occupies the narrow eroded gorge is about 
IGO feet, or 225 feet above low water mark in the Ohio at the 
mouth of the Beaver. The significant discovery made by us was 
that, as we followed this rock shelf down stream a few miles into 
Beaver county, suddenly the overwash gravel nearly disappeared 
at Stackman's run, in Big Beaver township, the ridge which 
we had been following ending- abruptly at the face of the pre- 
"Cipice, on the west side of the narrow trough of the river. From 
this point a mile or more down to Clark's run, which enters the 
Big Beaver at Homewood, there was but little superficial material 
■on the rocky bench. 

Clark's run comes in at right angles to Big Beaver, and has 
worn a deep gorge through the Homewood sandstone directly 
across the bench we were following. Though the stream is small, 
the gorge is 800 or 400 feet in width, and is worn down nearly 
to the depth of the Big Beaver. The significant facts meeting 
us here were that, while the south side of this gorge of Clark's 
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run consisted of bare rock and rocky debris which bad fallen 
down from the face, on the north side the face of the rocks was 
entirely obscured by a sedimentary deposit which had evidently 
been brought in by a stream flowing over the rock}' bench from 
the north which here met the gorge when it was full of still water. 
It is, in short, a regular delta deposit, where for a limited time 
the coarse material had settled in the deep water as it was brought 
over the precipice, (rranitic material was frequent in this de- 
posit; the stratification sloped downwards towards the axis of the 
valley; the depth of it exposed was fully 80 feet; how much more 
we could not tell. 

To the south of Clark's run as far as Wallace run, a distance 
of little over a mile, the bench was bare of drift material. 

1 see no explanation of these phenomena, except that which 
assumes the preglacial erosion of the under part of the troughs 
of these streams, and that the streams consequent upon the melt- 
ing of the glacier above were moving down the valleys when the 
lower depths of water were practically stagnant. This stagnation 
may have been produced by a greater northerly depression of the 
land than I have thought to be probable, or by the Cincinnati ice 
dam, which might well enough account for the facts here, or by 
a combination of the ice dam with a more moderate amount of 
change in the laud level. It is true, however, that it would l)e 
possible to suppose that this deposit at Clark's run was made at 
the climax of the second glacial epoch; thus allowing the erosion 
to have been interglacial; but in that case the causes assumed 
would have to be supplied during this second glacial epoch. 

Accumulating facts of this sort strengthen me in the conviction 
that the //i/rrglacial erosion of the lower 800- feet of the troughs 
of the Ohio and its tributaries is far from being proved, and that 
the theory that the erosion was yj/vglacial may still be entertained 
by intelligent geologists. 



The Cincinnati Ice Dam. 

JoMBPH F. Jaxbh, WaBhlngton. 

While the presence of an ice dam at Cincinnati has been dis- 
credited of late, there are features in the physical geography of 
the vicinity of that city which make its presence more than prob- 
able. A few of those with which the writer is familiar from 
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long residence in the locality, have been referred to in detail in 
papers elsewhere. All that is attempted here is a brief resume 
of some of the more important points. 

East of the city lies the valley of the Little Miami river, the 
width of which is far greater than the volume of the stream at 
present justifies. The valley at the point where it enters the 
Ohio is some four or five miles wide, and is without rock any where- 
extept on its borders. At Red Bank station, about five miles from 
the mouth, is a very heavy deposit of water- worn gravel, far 
above the present level of the river, forming, in fact, a second 
bottom or terrace. This terrace extends to Batavia Junction, 
where it is made up of fine silt, clay, conglomerate and till, ris- 
ing 100 feet or so above the ordinarj' stage of water. About two 
miles further up the valley to the northeast, near Milford, is an- 
other, and an enormous bank of gravel, about 1 j- miles long and 
a mile wide, and of unknown depth. The top of this is nearly 
level and abuts against the bank where the rock is exposed. 

Extending northwest from Batavia Junction, and at present 
filled with drift, is a wide valley, reaching to Madisonville, some 
five or six miles. At this point a lake-like expansion occurs, and 
the valley turns westward, encountering at Ludlow Grove, on the 
line of Mill Creek valley another very extensive bank of gravel. 
Now it is impossible that the Milford bank was deposited by any 
stream only as large as the Little Miami now is ; and it is equally 
impossible that any existing stream could form the deposits at 
Batavia Junction, Red Bank and Ludlow Grove. The deposits 
are undoubtedly of glacial and of water origin. We know that 
the country to the northward was occupied by glaciers. Beds of 
till with abundance of striated pebbles indicate this, and the lower 
places were inevitably filled with ice. Once in the valleys men- 
tioned the ice foot would extend to the Ohio river, would fill its 
bed, and would thus block its course. 

A second valley, lying on the west of the city and now occu- 
pied by Mill creek, is also a pre-glacial channel, filled at its mouth 
with a mass of gravel and drift which gradually increases in 
thickness to the north. The Cincinnati terrace is also of pre-gla- 
cial origin, and probably represents the ancient bed of the Ohio 
when it flowed at a higher level than now. At Ludlow Grove the 
Mill creek valley and that from Batavia Junction and Madison- 
ville unite, and together extend to Hamilton, some 20 miles north. 
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"the drift gradually increasing until it is 200 feet and over in 
depth. Here, too, is an immense deposit of gravel, and at this 
point the Big Miami river enters, flowing in another wide valley. 
Together these united valleys turn southwest and after following 
a meandering course for some 20 or 25 miles, enter the present 
drainage of the Ohio near Valley Junction. In the course of 
this valley there are again enormous water deposits, and at its 
mouth is another phenomenally large gravel and till deposit. 
Down this valley another tongue of ice must have extended and 
blocked the Ohio channel again. 

It is a peculiar fact that between the mouth of Mill creek and 
the Big Miami river there is not a stream of any length entering 
the Ohio river from either north or south. We find, however, 
-opposite the mouth of Mill creek, on the Kentucky side, that 
while rock is exposed immediately on the river's edge, below it, 
and a short distance back, less than one-eighth of a mile, is a 
high, almost isolated hill, composed of drift material. Further 
down the drift is piled up against the lower part of the north side 

4 

of the rocky bank, but it tails out to nothing before reaching the 
top, some 350 feet above low water. Down the river from this 
hill, again, is a great embaymcnt, and here we find still another 
deposit of water-worn gravel, this time not in a valley occupied 
by any stream at present. It was possibly deposited from the 
Mill creek valle}', down which a third ice tongue must have come, 
uniting with that from the Little Miami valley. 

Opposite the main part of Cincinnati, on the Kentucky side, 
the Licking river enters the Ohio. Here we have another of the 
wide valleys so characteristic of the region, one out of all pro- 
portion to the size of the stream now occupying it, and bounded 
by rock banks on either side. This would allow the tongue of ice 
from the Little Miami valley to find egress to the south without 
iiaving to surmount the tops of the hills. The water from the 
melting ice would probably find its way along the upper valley of 
the Licking, and, overtopping the low divide, enter the drainage 
area of the Kentucky river and so reach the Ohio below the dam. 
The main stream of the Ohio, meanwhile, was deflected from its 
course higher up, and may also have entered the drainage of the 
Kentucky river. 

Now, the retirement of the ice up these valleys would account 
for several facts. (1) It would explain the great deposit of 
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gravel at Milford, in the Little Miami valley. (2) It would ex- 
plain the Red Bank and the Ludlow Grove deposits in the Madi- 
sonvillo valley. (3) It would explain the deposit of till and 
gravel opposite and below Mill creek valley. (4) Jt would explain 
the deposit at the mouth of the Big Miami valley; and (5) it 
would, as the ice receded northward, account for the accumula- 
tion of drift near Hamilton. Of course, when the Ohio attempted 
to return to what was evidently its old channel, by way of Red 
Bank and Ludlow drove on the one hand, and 3Iill creek on the 
other, it would find the way blocked ; and it would then have to 
cut for itself a new course. This it has done past the mouth of 
Mill creek. Looking, therefore, at the facts as seen at and about 
Cincinnati, the theorv of an ice-dam docs not seem untenable. In 
fact, it is almost a necessity. It may not have performed all the 
work that has been credited to it, audits existence may have been 
long or short. This can possibly be measured by the extent of 
the deposits mentioned. All of these merit and require more ex- 
tended study. 



The Cause of an Ice A(ie. — Ball. 

«T. F. Blake, In Annals of Brititth Geology^ 1^91, p. Hi. 

The name of the writer of this book is sufficient to secure great 
attention to what he says — but, when to follow him involves the 
imputation of a fundamental error to Herscheland of gross igno- 
rance to all other writers on the subject, we must pause. If the 
words of Sir elohn Herschel had the meaning which the author 
assigns to them, they would lead to the conclusion that the author 
draws from them, — and arithmetically works out so that there can 
be no mistake, — that the only difference between summer and 
winter temperature is that due to the concentration of equal quan- 
tities of heat into unequal periods of time. But it would have 
this further result that in the hemisphere which has a long sum- 
mer and a short winter the summer would actually be the colder. 
We cannot possibly believe that Herschel and his followers could 
not perceive this result. It is perfectly clear that the heat spoken of 
by Herschel is the * 'supply" from the sun, and is supposed through • 
out to be received on an equal area equalh' inclined to the sun's 
rays. The phenomena of summer and winter depend, of course, 
on something else altogether, namely, theobliquityof the surface 
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tx) the sun's rays. If o,, o, be the local meridian obliquities, n^ 
Dj, the number of days, h,, \^ the total **heat," in the above 
sense, received in summer and winter respectively in each hemi. 
sphere, then the meridian heat secured by that hemisphere on any 
one day may be roughly stated as proportional to 

f !li-52?L£icio in8ummcr,and f >1i.E2L£i do 
/ Hi / nj 

in winter; and what Herschel says is not that J h, cos. o, d()= 
J h^ COS. (\ de which would correspond to the numbers (i3 and 87 
but that \ equals h^. 

But besides this the meridian heat integrated along the meridian, 
as is done by the author, will not give the total heat, which de- 
pends also on the length of the day at the various times and 
places. The total heat received at any latitude is completely 
worked out by Haughton (Trans. Roy. Irish Academy, Vol. 
xxviii), and the integration of his expressions, which are discon- 
tinuous at the arctic circle, can alone give the total heat secured, 
a matter, after all, of little consequence, as it will include the 
tropics which do not enter the question. The numbers (iH and 37, 
therefore, have no significance whatever. The notion that the 
beds of a rock formation have any relation of any kind to glacial 
periods will seem absurd to every field geologist. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Annnh of liritinh GeohKjy. l*iiop. J. F.Blake, F. (t. S. Dulau & C-o., 
Liundon ; $2.25, 8vo, pp. 404, six plates. This volume contains a record 
of the geological publications in Great Britain during 1891, with an 
appendix for 1890. It has been compiled by Prof. J. F. Blake, presi- 
dent of the Geologists' Association of London. More than once 
before the attempt has been made to conduct sucli a work, as, for ex- 
ample, by Mr. VVhitaker, a few years ago, in "The Geological Record," 
but the great cost has prevented permanency. The value of such 
books is unquestionable and needs no words to enforce it to the 
student and the worker. The difficulty of making both ends meet is 
equally certain, if not to all, at least to those who have undertaken 
them. Unless subsidized in some way by learned societies it seems 
improbable, judging from the experience of the past and reasonable 
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forecast of the future, that better results, in a pepnniary sense, will 
be obtained. 

Of his present eflfort the author says : "The price of the first volume 
of the 'Annals of British Geology' wa« fixed at 6 shillings, in the hope 
that it might thereby reach a larger number than those who have 
usually subscribed for *Records/but this hope has, unfortunately, not 
been realized. The second volume, which is larger and is illustrated 
by six plates, is priced at 7s. 6d. to subscribers and 9s. net at the pub- 
lishers'. It is found, however, that this is scarcely likely to cover the 
cost, and that the sale must be reckored on no larger a number than 
that of the supporters of the geological or zoological records. The 
former, aided by a grant from the British Association, and containing 
between 300 and 400 pages, was issued at the 'low' subscription price 
of 10s. 6d. ; the latter, supported by the Zoological Society, is issued 
at 30s. for about 1,000 pages. It does not, therefore, seem probable 
that the present 'Annals,' supported only by its subscribers, can ever 
be issued without loss at a less subscription than 10s. and it would 
even then require a considerable increase in the number of its sup- 
porters. It is hoped that the third volume will be still further im- 
proved, suggestions toward which will be gladly received, and it will 
contain a minimum of 400 pages and six plates or their equivalent of 
figures." 

We may express the hope that at the price above named sufificient 
support will be secured to enable the author to continue the work. 
Though principally of use to British geologists, yet others who take a 
wide view over their 'special departments of the science can scarcely 
afford to be without it. 

The first part of the volume contains the titles and short abstract-s 
of works and papers on general geology, occupying 52 pages. Then 
follows Structural Geology, 120 pp., including all the contributions on 
this topic. Palaeontology, including Anthropology, fills 70 pages. 
Mineralogy 30, Petrology 45, and Economics 20 pages. Then follow 
50 pages with summaries of papers and works on geology published 
in Great Britain and an appendix of 4 or 5 pages for 1890. A good 
index of authors renders the book more available for reference than 
it would otherwise have been. 

The author does not confine himself to bare announcement of the 
subject of the papers and books, but gives these fully enough to en- 
able the reader to determine- if he need procure them for the purpose 
of investigation. His own criticisms and remarks are confined to 
foot-notes — an excellent device — as it avoids interrupting the sum- 
mary and confusing the author and the summarist. 

^yhen we add that both summary and comment have been sent to 
the authors for revision, we show^ plainly that Prof. Blake has spared 
no pains to render his book fair, trustworthy a.nd complete. We trust 
those of our readers who go beyond the locals in geology will procure 
it for future reference and consultation. 
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Geolotjical survey of yfiaaonri. Vol. II, Report on iron orpn^ 1892. From 
field work prosecuted during the years of 1891 and 1892, with 92 il- 
lustrations and one map ; by Frank L. Nason, assistant geologist, 
Jefferson City, 1892. Roy. Oct. 366 pp. 

Vol. III. Report on the mineral waters of Missouri ; by Patl Schwkit- 
ZKB, embodying also the notes and results of analyses of A. E. Wood- 
ward ; field and laboratory work conducted during the years 1890 to 
1892, with 45 illustrations and one map, Jefferson City, 1892. Roy. 

Oct. pp. fee. 

These two volumes certainly show commendable progress in the 
development of the economical geology of Missouri. Mr. Nason has 
arrived at important results in respect to the origin and distribution, 
as well as the age, of the rocks and the ore which they contain. 

The ores of Missouri being either hematite or limonite, are confined 
practically, the former to the porphyry region, the Lower Carbonifer- 
ous and the Ozark series, and the latter to the Ozark series.* 

Very full details are given of the localities where these ores are 
known, and particularly of all points at which some working has been 
done. (Teneral discussions are presented of the specular iron ores 
of the porphyry region, of the red hematites, of the specular ores of 
the sandstone region, and of the limonites, also of the geology of the 
Ozark uplift. 

The specular iron ores of the porphyry region are those of Iron 
mountain. Pilot knob. Cedar hill. Shepherd mountain and Clark's 
mountain. They are well known as the principal ore deposits of 
Missouri. Here the ore occurs, primarily in veins and in isolated 
grains which is a rare method of merchantable iron ore ; but from these 
veins have been derived, through the decay and denundation of the 
porphyry, beds of conglomeritic debris which consists largely of 
blocks and boulders of hematite, and from these have been mined 
large quantities of the best hematite. The stratigraphic relations in- 
dicate that this disintegration took place sometimes in pre-Cambrian 
time, but has also gone on in more recent geologic ages ; these boulders 
are in the Cambrian and in the residuary clays of the Pleistocene and 
present. The original veins are of all thicknesses, from mere films 
to forty and sixty feet. In places they form a perfect network in the 
solid porphyry. Iron deposits of like character also occur in the asso- 
ciated granites, but in general such have not yet proved sufiicient to 
be of value. These hematite deposits in the veins of the porphyry are 
considered to be due to infiltration by percolating waters. The 
source of the iron is supposed to have been the ore disseminated 
through the decayed and chiefly removed porphyry which once cov- 
ered the veins or which formed the surrounding country. This 
theory is ingeniously applied to Iron mountain and other prophyry^ 
knobs containing ore in veins. While Mr. Nason is disposed to 
regard the rock of these hills as probably of sedimentary origin, he 

- — - 

*For the bignificanceof the term "Oieark Series^* see Ambricax Uiouoist, vol. VIII, p. 
40, 1991. 
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unhesitatingly assigns that of Pilot knob to a sedimentary origin, and 
the ore found in it to cotemporary sedimentary action. But this 
requires that it be of later date than tlie Iron mountain rock and 
unconformable upon it, a supposition fully borne out by the coarsely 
fragmental character of the rock of Pilot knob, and by the widely 
diflferent structural character of the ore. The chief obstacle which 
occurs to us, against the infiltration hypothesis, is the fact men- 
tioned by Mr. Nason, that in the original vein ore are considerable 
crystals of apatite and occasionally of hornblende. 

It will be noticed that Mr. Nason's examinations of Pilot knob do 
not lead to the same result as those of Prof. Haworth, but he finds 
unmistakable evidence, admitted by Prof. Haworth, that the rock 
there furnishing the ore, while largely of porphyry conglomerate, is 
of sedimentary structure. Prof. Winslow says in his letter of trans- 
mittal: **During the past summer n conference and joint excursion/ 
to this field was arranged for. The party consisted of Prof. C. R. Van 
Hise, Prof. Wm. B. Potter, ^Ir. Xasoii, Prof. Haworth and the writer. 
A result of this trip and the consequent discussion on the ground 
was the yielding, by Mr. Haworth, of his position with reference to 
the origin of the porphyry conglomerates, iron ores and other im- 
mediately associated beds occurring at the summit of Pilot knob and 
at a few other localities in the immediate vicinity. Mr. Haworth 
now concedes that the evidence favors the conclusion that these 
beds are of sedimentary origin rather than of igneous origin as pre- 
viously advocated by him." (See Amkricak Geologist, vol. i, pp 280 
and 363,1888, also vol. ix, p. 55.) Mr. Haworth's earlier determi- 
nation was based on microscopic examinations of rock samples, after 
brief study in the field ; Mr. Nason's on field studies solely, though he 
had Mr. Havvorth's publications constantly in mind, and was com- 
pelled by them to give the subject more thoughtful and thorough at- 
tention. The result, as it appears now, is another striking instance 
of the pitfalls into which petrographical students are liable to lead 
the unwary geologist. It shows either the incompetency of their 
criteria or of their observations, and the superiority of field studies 
conducted by a competent geologist. 

The red hematites of the Lower ('arboniferous are quite unimpor- 
tant, but they constitute original and distinct beds among the sedi- 
mentary strata. 

The specular ores of the sandstone region, one of the strata of the 
"Ozark uplift," called Roubidoux sandstone by Mr. Nason, are fine- 
grained and compact, and apt to be of low grade by reason of large 
per-centages of silica. They are supposed to be due to concentra- 
tion by percolating water from other and higher strata which have 
been removed subsequently by disintegration and erosion. 

The limonites are principally confined to the Ozark district, but not 
entirely to the Ozark series. They affect the limestones, but also occur 
in cherty clay, the residuary product of the limestone. They take on 
all the pseudomorphous forms peculiar to limonite, and are found in 
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caves, pockets, crevices and sinks. They are of secondary origin. 
They are generally regarded with disfavor by furnacemen because of 
high percentages of silica and phosphorus. 

Prof. Schvveitzer*8 investigation of the mineral waters of Missouri 
was directed to ascertain their comparative composition and value, 
to furnish reliable data for the guidance of physicians and for the in- 
formation of citizens, and to attract to the state any others who de- 
sired to improve and develop the various localities. The report em- 
braces not only the prior results of Mr. A. E. AVoodw^ard, who at first 
had charge of the investigation, but also those of Prof. Schweitzer ex- 
tended over many years as professor of chemistry at the State Uni- 
versity. It gives an account of the nature and origin of mineral 
waters in general, and a classification — the classes being: 1. Muriatic 
waters, such as contain, as their main constituents, sodium chloride 
or common salt ; 2. Alkaline waters, such as contain sodium or mag- 
nesium carbonate; 3. Sulphatic waters, such as contain one or more 
sulphates as their main constituents ; 4. Chalybeate waters, such as 
contain as their most efficient constituent some ferrous carbonate, 
and 5, Sulphur waters, such as contain sulphides, sulphydrates, or 
sulphuric acid. 

Chapter III elucidates the therapeutics of mineral waters, and en- 
ters into a discussion of the general uses of ordinary and of mineral 
waters, giving hints to physicians and to invalids. The volume con- 
tains a vast amount of special information relating to the various 
mineral springs and health resorts of the state, each important water 
having been analyzed ; and comparisons are instituted with some 
European mineral waters of repute. A valuable feature of the report 
is a ''bibliography of mineral waters" arranged chronologically, be- 
ginning prior to A. D. 1500. 

The Met(ti<pi*rmiv. of thv M'uunAotn Vdlhy: a lt»t of the hlyher Seed-pro- 
ducing phi iit» itHli(jimoui< to the dritinaye-fmttiit. of the Minneaota river. By 
Conway MacMillax, State Botanist, Reports of the Geological and 
Natural History Survey of Minnesota, Botanical Series 1, pp. .xiii — 
^28, Oct., with two maps, ^Minneapolis, December 29th, 1892; Harrison 
and Smith, State Printers. 

The first 570 pp. of this work are largely occupied with a critical 
geographical and bibliographical list of metaspermic plants considered 
as indigenous to the drainage-basin of the Minnesota river. Of fami- 
lies, 108 are recognized, of genera, 407, and of species, 1,174. Follow- 
ing the list are chapters on the valley of the Minnesota, relationships of 
the metaspermic flora of the Minnesota valley and statistics of meta- 
spermic plants of the Minnesota valley, together with bibliographical 
citations, summaries, tabulations and a very complete index to the 
list, covering nearly 80 pp. To the geologist the chapter on tlie rela- 
tionships of the Metasperma' is perhaps the most interesting. In this 
somewhat condensed account, a striking new view is advanced and 
very briefly argued, concerning the probable physiognomy of the 
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Cretaceous flora. In view of the existence of transitional areas be- 
tween distinct plant- formations, it has been attempted to lay the 
ground-work of study of the so-called tenHion-lhies between forest and 
prairie for example. ( -ertain remarkable peculiarities of a tension-line 
population are pointed out and it is sought to establish a law of 
ejection from the depths of formations, by the action of which the 
tension-line would become the area of the distinctively newer or 
weaker types, and of the types in a highly variable or plastic condi- 
tion. On pp. 602 and seq. the probable physiognomy of the Creta- 
ceous period is discussed in the light of the tension-line analysis. It 
is argued that the preponderance of metaspermic leaves in the rocks 
by no means indicates a preponderance of metaspermic plants in 
Cretaceous forests, but indeed quite the reverse, since it shows that 
the metaspermic plants were in the proximity of the sandy beaches 
and mud flats, consequently in the tension-line position and prob- 
ably, therefore, established only as>narrow^, highly viuEtablefrii^es of 
ejected plants but with great central masses of cycadean, coniferous 
and probably older types of species forming the isolated bulk of the 
forest population. 

From this study of the ancient physiognomy in the light of modern 
plant-formations a highly ingenious theory of the apparent sudden- 
ness of appearance of metaspermic forms and their great variability 
is developed. A new link between pahi'ophytology and modern 
geographical botany is indicated, the further examination of which 
may be productive of most interesting results. This interesting and 
valuable report forcibly illustrates the interdependence of the natural 
sciences. 

IHstribution of Stone, Implements in the Ttde-irater country. W. II. 
Holmes. (From the American Anthropologist, Vol. vr, pp. 1-14.) 

Mr. Holmes has introduced a new classiflcation of aboriginal or 
prehistoric stone implements. It has been customary, following Mr, 
James Geikie, of Scotland, to designate as "paleolithic" many rude, 
evidently chipped stones which have been found in Europe and 
America, these being considered as evidence of very low grade of hu- 
man ingenuity and skill, and as "neolithic" those chipped stones whose * 
finish indicates that they had a definite purpose, completely attained, 
and shows in their maker a degree of skill equal at least to that of 
the historical aborigines of this country. It has also been presumedj 
in this country, following again Geikie's determinations in Europe, 
that the "paleoliths" were characteristically found in gravel beds, re- 
sulting from the disintegration and rapid withdrawal of the ice of the 
last glacial epoch, and that, therefore, theirjmakers were pre-glacial or 
inter-glacial men. The "neoliths" were, therefore, all classed as post- 
glacial. This has been at least a working hypothesis in America for 
about twenty years, and several "finds" have been reported which 
tended to establish, as interpreted by the fortunate finders, the truth 
of this generalization. 
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Mr. Holmes, after long and careful search, which has been carried 
to several parts of the country where the stone-chipping people must 
have lived, whether in pre-glacial or post-glacial tini**, has come to 
the conclusion that some other explanation is necessary for the occur- 
rence of "paleoliths " He is very skeptical as to the actual occur- 
rence of any human relics in the true glacial gravels in this country, 
and hence as to the existence of man in the United States prior to the 
last glacial epoch. He finds the "paleoliths" mingled with "neoliths" 
at the sites of the quarries, where extensive working nuist have been 
carried on. They were plainly produced at one and the same time by 
the same people. 

Therefore he conceives the hypothesis that the "paleoliths" are 
simply the rough material, as it was first rudely blocked out, either 
rejected outright, when not satisfactory, or cached for preservation, 
or perhaps carried from the quarry to some village site where they 
were w«>ught at leisure t« perfect implements. 

The paper discusses, in the light of this hypothesis, and illustrates 
by two plates, the distribution of both paleoliths and neoliths in the 
region of the ('hesapeake bay, and particularly of the Potomac valley. 

yole on Qnarfz-hearing (jahhro In Mnnjlaud. U. S. (traxt. (From 
Johns Hopkins University circular, No. 103, Feb. 1893.) 

An interesting development of gabbro, in the vicinity of AVilming- 
ton, Del., northeast from Baltimore, has been described by professor 
F. D. Chester in Bui. 59, U. S. (ieol. Sur. This has been found to con- 
tain notable amounts of quartz. Mr. Grant finds some of the gabbro 
in the immediate vicinity of Baltimore also contains from one-tenth 
to one-third of the whole rock of quartz. The grains are macroscopic, 
allotriomorphic, blue and original in the rock. He suggests that the 
basic Baltimore gabbro is genetically and chronologically the^ same 
rock mass as the acid Wilmington gabbro-granite. 

linnni roal and Ji(juite nf Tiwas. E. T. DiMnLE. IJeportof the Geo- 
logical Survey of Texas. Royal octavo, 243 pp., plates and maj). Aus- 
tin, 189*2. 

This work consists of a review of the (jualities, clas.ses, origin and 
uses of brown coals and lignite, with special adaptations to the case 
of Texas. Mr. Humble visited Europe for the purpose and made care- 
ful studies of the methods of using sucli fuel. The volume contains 
much valuable information on thatsubject^with ample illustrations of 
f urn«oet» «tiTted f or the combustion of brown coal and briquettes. A 
chapter is devoted to the geology of the brown coal deposits of the 
^Eocene, and another to the occurrence and composition of the same. 
After a comparison of the Texas products with those of several coun- 
tries in Europe, he reaches the conclusion that the Texas brown coals 
will supply an abundant material for fuel which will be both effective 
and cheap. 
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OOERESPOKDE^'CE. 



The Glacial (teology of Martha's Vinkyard Compared with 
THAT OF Long Island. It is only recently that I had the pleasure of read- 
ing professor Shaler's report on the geology of ^lartha's Vineyard, pub- 
lished in the seventh annual report of the U. S. Geological Survey, and 
I was struck with the similarity between it and Long Island, including 
the plain country, as the professor calls it, south of the frontal 
moraine. In regard to the latter he is correct as to its origin, but at 
fault, I think, in the conjecture that the stratified deposits compos- 
ing it were laid down beneath the waters of the sea. I am aware 
that its counterpart, the south side of Long Island, has always been 
considered a dereliction from the ocean, but after years of careful 
study I have failed to discover anything marine in its composition. 
A few shells are said to have been found in digging wells, but a dili- 
gent search for years on the part of the jiresent writer, has failed to 
reveal the slightest evidence of marine matter in these stratified de- 
posits. I presume it is the same with the plain country of Martha's 
Vineyard, and I cannot conceive how streams laded with detritus 
could mingle with the waters of the ocean and maintain a separate 
existence. Professor Shaler, however, thinks this is ])ossible. He 
says: "At first sight, it may seem unlikely that the strea»M> when 
poured into the sea, should be able to scour out channels for a mile 
or more beyond the ice front, but a similar work is performed where 
surface rivers enter the sea over the part of an extensive delta, 
though their currents were less rapid than those of sub-glacial 
streams urged as those streams were to their point of escape by the 
presence of ice as by the gravitative force given by tlieir descent 
from the inland district." The professor is more competent to treat 
of this than the present writer ; but I am very confident that future 
investigation will show that he is in error, at least, in regard to the 
presence of the ocean at the time when the plain country was being 
formed by subglacial streams. Nor is there any evidence of oscilla- 
tion having taken place on these islands since the glacial age. I 
know it is diflicult to explain the diflferent phenomena on any other 
hypothesis, but some other explanation must lie found. 

It is held, that Long Island existed as a littoral plain in preglacial 
times, and that the old shore line was some ninety miles south of the 
present ocean beach, and that the land stood higher than now. 
Might it not have been ihni the sen level ini$ hirer! The melting of 
the great continental ice-sheets must have had some eflfect on the 
ocean. The well at Woodhaven on the south side of Long Island 
reached the underlying rock at a depth of 500 feet below the present 
level of the sea, which is the depth of the Hudson river gorge where 
it reaches the old shore line. Admitting that the Island had sunk 
this much in postglacial times, it is not likely that the subsidence 
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took place all at once, allowing the water of the ocean to Hood the 
whole Island, for in this case we would have to provide for another 
elevation followed by a second subsidehce, of which there is no proof 
whatever, unless it be in the stratified deposits of the north side of 
the Island which reach the altitude of 260 feet at Harbor Hill, but 
we know that such deposits can be formed by subglacial streams 
without an oscillation of land. It seems to me that the sea is nearer 
to our door than it ever has been since it overilowed its ancient bound- 
ary already referred to. 

The Island remains very much the same as it came from the hand 
of the glacier, the only change being made by the inroads of the sea 
along the coast. There is not so much sinking as a wearing away of 
the superficial deposits of which the Island is chiefly composed. 

As the sea invades the land, bays become part of the ocean, 
marshes become bays and swamps marshes ; and this accounts for 
stumps of trees being found under water; for some of the swamps 
and other depressions go down below the present level of the ocean, 
and where the land barrier, which protects them, has been swept away, 
the trees, which grew in them, of course become submerged. 

That these marsh lands existed at one time south of the present 
sea beach is evident from the quantities of turf that are washed upon 
shore during heavy storms. It seems certain that the streams that 
laid down the stratified deposits on the south side of I^ong Island and 
Martha's Vineyard came from the mainland ; I think I was the first 
to notice this fact, and it seems to be confirmed by professor 8haler 
as he says in his report : "That the material transported by sub- 
glacial streams, and accumulated in the kame and terrace deposits, 
was transported for a greater distance than the detritus that was 
carried in the body of the ice." 

This fact has not been sufiiciently noticed in treating of the geology 
of Long Island, as it explains much that otherwise remains obscure. 
I claim that the indentations and bay depressions on the north side 
of Long Island owe their origin to subglacial streams, and not to spurs 
of ice as maintained by Dr. F. J. H. Merrill, late of Columbia College.* 
I have traced the connections of these streams from the sound to the 
sea, and while it is difficult to follow them in all of their ramifications, 
yet their relationship can be proven, I think, beyond all question. 
The connection, of course, is now lost between the Island and the 
mainland, but the corresponding depressions on both sides of the 
sound suggest, if they do not imply, that they were at one time 
united. They must have been, of course, if it be true that the sub- 
glacial streams came from the mainland. Martha's Vineyard has 
the same bay indentations on the north ending in ponds or marshy 
depressions as on Long Island. Professor Shaler sees some relation- 
ship between them and the kame and terrace formations of the plain 
country on the south, and he notices the same fact, which I have often 

*See hifi pap«*r on the Ueoloff>' of Long Island. AnnaU of New York Acad, of Science. 
Vol. lu, 1884. 



212 The Amei*ican Geologist. March, isaa 

spoken of in treating of the drift phenomena of Long Island, that 
where the frontal moraine is broken, these southern kames Ijecome 
more prominent, and these gaps always occur in the moraine where 
the streams come up from the north. In places there will be only a 
line of kettle-holes to mark the ancient line of drainage, and in other 
places as at Hempstead the moraine is nearly swept away. The old 
channels are always visible south of the ridge, but the depressions 
are mostly dry until nearing the bays on the south, where they are 
kept open by the tides or are fed by springs like the Seatuck river 
which flows into Moriches bay. This river is only about a mile in length, 
yet the old channel is traceable to the front of the moraine nearly 
four miles distant. 

I mention these facts as they may tend to throw some light on the 
formation of both islands, for it seems to the present writer that the 
surface portions at least are all one as to time and origin. 

Professor Shaler has observed very closely, but he has failed, I 
think, to fully understand the imports and connections of the old sub- 
glacial currents with the mainland, and tlieir effect on the contour of 
the whole Island, for, studied in this light, I cannot see how any one 
can conjecture that any disturbance has taken place in postglacial 
or interglacial times, or that the sea held sway over any part of the 
Island during the deposition of the glacial detritus. 

JCatftporty L. /., S. V., Xov. ^9, 189J. John Brvson. 

Krmarks on a part of the review op tuk Third Texas Report. — 
Although I was not connected in any way with the review of the Third 
Annual Report of the Geological Survey of Texas, published in the 
November number of The American Geologist, pp. 311-313, 1 beg the 
permission to say, that it is a fair and exact exposition of the Third 
Texas Report, and I fully indorse what the reviewer said about the 
geology of Tufumcarl and Pyramid mount. 

Mr. Robt. T. IlilTs letter published in the December number, pp. 
333-334, contests the statement that my "determination of the Jurassic 
age of the Tucumcari beds in New Mexico has been sustained by Capt. 
('. E. Dutton, Prof. A.Hyatt and himself, and opposed by Prof. Jas. 
Hall and Dr. J. S. Newberry ;" and he goes so far as to protest against 
the use of those names "in a manner unauthorized" by Messrs. I)ut- 
ton, Hyatt and himself. 

Major Dutton has used my determination of the Jurassic in New 
Mexico, on the Zuni plateau and round mount Taylor, based on the 
discovery I made first at the Tucumcari region, and carried westward 
through the vnll(»y of the Rio Grande. The same area west of the 
Rio (irnnde surv«»yed by me in 1853, was resurveyed several years 
after by Messrs. Newberry and Gilbert ; and both published geological 
maps, entirely devoid of the Jurassic formation. So in that part of 
New Mexico, major Dutton has sustained my determination of the 
Jurassic, as I first found it at the Tucumcari. No authorization is 
wanted to allow any one to quote the paper of major Dutton. 
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Prof. A. Hyatt hiis not published yet anything on his exploration^ 
of a part of the Tucunicari region, in 1889. In conversation with me 
he said: "The fauna he has collected is an upper Jurassic fauna." 
He did not ask me to keep it as a secret, and I did not ask him the 
authoclzation to use his opinion in any of my papers. However I re- 
frained carefully to quote his view, if I remember right, for I cannot 
find anywhere in my publications a reference to Prof. Hyatt's ex- 
pressed opinion. In private letters, I may have said, that Prof. Hyatt 
agreed with me on the Jurassic age of the Tucumcari rocks ; and I do 
not see any harm in the author orthe review to have given the name of 
Prof. Hyatt, as having sustained my opinion. If Prof. Hyatt publishes 
his observations and comes to a different conclusion, he can correct 
his first opinion, which although not recorded in print, was certainly 
expressed in words to me. 

Now^ Prof. Robt. T. Hill's part in the question is rather curious, for 
it is erratic in the extreme. First he published the 18th of November, 
1888, the following paragraph : *'The reaffirmation of the age of the 
Tucumcari section ... to l)e upi)ermost Jurassic, as originally 
described by Marcou." Then in April, 1892, he gave another conclu- 
sion upon the geology of Tucumcari, as follows: "The writer has 
twice visited the mesa Tucumcari. . The table or summit de- 

scribed by Oapt. Simpson is covered with the typical Llano Estacado 
formation. , . Below this is a vertical escarpment of 50 feet or 
more of typical Dakota sandstone, resting upon loose sands and clays, 
forming a slope identical in aspect and fossil remains with the Deni- 
son beds of the Washita division. . . . Beneath this is a large de- 
posit of the typical Trinity sands country, of white pack-sands, thin 
clay seams, and flag8t<)nes, while the ba.se is composed of the typical 
vermilion sandy clays of the Red l)eds." 

Although all is tt^picai according to Mr. Hill, it is nevertheless diffi- 
cult to see clearly what he means, for he gives no practical section of 
a single locality, like my section at Pyramid mount ; no fossils of any 
sort are quoted, no place even on the whole area is named for an 
observation, and the thickness, stratigraphy and even lithology are 
all confused. If placed in a tabular view, in order to try to under- 
stand Mr. Hiirs conclusions, we have the following stratigraphic series: 



Mr. Uill'h Sekibi* of 1892. 



SO feet or mort* of typU:al DukoUi caiul' 
ntone. 

LooMe eandH aod clayi* idt'utlcal u ith tlie 
Denison bedn of ilie WanhltH Division. 
Nothickneep. 

Large depoeit of typical Trinity eandn, 
with pack-ifiandH, thin clay H«>aniH and 
flagstone. No thicknesH given 



Typical vermilion sandy clay h of th<* Kod 
beds. No thickneHii given. 



MaKCOU*!* SKIllKf* OK 18"S8. 



Q. -White linit>nton^, 2 feeL 

F'.— Yellow nilcHreouH snndxtone, IVO feet. 

K.^Bliie clajk with trnjplioa tucumcari 
and Osfrta /;m /•*•/< m", 3rt feet. 

D. C. and B. White and yellow «and- 
htoneK, 118 feet. 

Variegated niarli* of the Kenpel* or Up- 
per Trias*, oOOfeet. 
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The upper part, corresponding to my divisions G. and F. of 
Pyramid mount, is referred by Mr. Hill to the typical Dakota sand- 
stone, which means tlie lower part of the true cimlk or Upper Cre- 
taceous. As he gives no list of fossils, it is impossible to compare it 
with the typical Dakota sandstone of Nebraska. The middle part, 
corresponding to my division E. with the Grifplutut tucnmcari and Ostrea 
manhiiy is referred by Mr. Hill, to liis Denison beds of his Washita 
division, that is to say, to his uppermost part of what he calls his Lower 
Cretaceous. No list of fossils is given, so it is impossible to know if the 
Grypfnva tuctimcariixud Ostrea marshii htt,ye been found by him at Deni- 
son, and to compare the fauna of the Tucumcari with the fauna of 
Denison. 

The lower part, corresponding to my divisions D. C. and B., is referred 
by Mr. Hill to the typical Trinity sands. No list of fossihs is given for 
the Trinity sands of Texas, nor for the Trinity sands of Tucum- 
cari. 

As a whole, the conclusion arrived at, in 1892, by Mr. Hill, is the 
reaffirmation of the age of the Tucumcari section, to be Nebraska 
Cretaceous, as originally described by Mr. James Hall, in 1857. 

Between those two reafftrmations, one Jurassic and the other Cre- 
taceous, and botli without any paleontological, stratigraphical and 
lithological proofs ; it is rather perplexing to know on what ground 
and on what observations Mr. Hill has based his conflicting opin- 
ions. 

According to Mr. Hill the Tucumcari region is an ''in accessible 
locality." 8o it was when I visited it in 1853 ; but since 1887 it is 
easily accessible, for it has been visited twice by ^fr. Hill and once 
each by Messrs. Hyatt. I. C. Russell and Cummins. 

The method of correlation employed by me was to give names of 
the fossils discovered and their relations with typical European fos- 
sils ; and as soon as practicable I had the fossils figured and published 
as early as 1856, two years after my exploration, and I described them 
with details in 1868 ; so, in less than five years every proof was given 
in full, with geological map and sections, notwithstanding the great 
difficulties of having my papers published first in French in Paris, and 
afterward in English at Zurich ( Switzerland). 

Mr. Hill acts differently, and his method of correlation consists 
simply in reaffirmation of the conclusions of others, without giving 
any proofs or even any reasons for so doing. 

Incorrect paleontology and inexact stratigraphy and lithology have 
been used constantly against my observations. Is it too much to ask 
my opponents to publish soon a complete, monograph of the Tucum- 
cari region? Under rather difficult circumstances I have contributed 
my pioneer share to the knowledge of the geology of a country abso- 
lutely unknown until my exploration of 1853. Now it is their turn to 
publish what they have seen and found. Jules Marcou. 

Cambridgey ManK., Dec. 16. 1S9J. 
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Jielation of the Attenuated Drift Border to the Outer Moraine in Ohio. I 
am much surprised at a statement which Prof. Wright makes in the 
February Gkoj.ooist concerning the relation of the oldest moraine 
which I have traced in Ohio to the attenuated border of the drift 
sheet, tlie statement being that my studies support his view that the 
fringe is but an appendage of the moraine. The error contained in 
this statement is so great tliat I must beg leave to correct it by call- 
ing attention to the following facts: 

Ist. The moraine in question lies back from fifteen to forty miles 
from the glacial boundary and the interval between the moraine and 
glacial boundary is in the main an elevated district covered with till 
and not with overwash material. Both the width of the interval and 
the character of the drift material forbid our considering this sheet 
of drift a dependency of the moraine. 

2d. The course of the moraine in southwestern Ohio is not at all 
in harmony with that of the glacial boundary, there being a reentrant 
angle in the moraine opposite a southward protrusion of the boundary, 
and a protrusion of the moraine opposita a re-entrant angle in the 
boundary, a lack of harmony which causes the distance between the 
moraine and the boundary to range from fifteen miles up to fully 
forty miles. (The distance between the glacial boundary and this 
moraine is found to be far greater upon tracing the moraine westward, 
being in Illinois at least 120 miles.; 

3d. The deposition of the outer sheet of drift is separated from 
that of the moraine by a time interval as great as has yet been found 
anywhere in the complex series of glacial deposits within the eastern 
half of the Mississippi basin. This time interval involves, (a) The 
development of a soil attended by oxidation, leaching, and erosion of 
the surface of the extra-morainic drift, (b) A depression of the re- 
gion from a level apparently as great as the present (800 to 1,000 feet 
A. T.) down to a level within the reach of flooded stages of the 
streams, there being upon the eroded and weathered surface of the 
uplands a silt deposit several feet in depth, locally known as white 
clay, which is to all appearance a wat«r deposit, (c) A re-elevation 
to an altitude as great as the present accompanied by great erosion 
of the loess and associated silts along the principal drainage lines, 
after which deposits of coarse gravel were made by the glacial ffoods 
which occurred at the time when the morainic line under discussion 
was occupied by the ice-sheet and which lead down the valleys at lev- 
els far below(300 to 400 feet) the level of the upland silts just mentioned. 

In other words there were between the time when the ice-sheet 
reached the glacial boundary and the time when the moraine under 
diBCUssion was formed three distinct depositions separated from each 
other by long intervals marked by considerable orographic movements 
as well as by soil accumulation, oxidation and erosion. In view of 
these facts I cannot support Prof. Wright in the statement that my 
studies bring corroborative evidence of his view that the old drift 
sheet outside the moraine is but an appendage of it. 
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Prof. Wright's statement also conve3's the idea that throughout the 
entire width of the glaciated district moraines which lie nearest the 
glacial boundary are necessarily contemporaneous. Prof. Chamberlin 
long since called attention to the fact that the moraine which lies 
near the glacial boundary in eastern Ohio departs from the boundary 
in south central Ohio, and that in regions farther west there are 
other moraines lying outside this moraine. It has been his effort 
through his own investigations and those of his associates to trace out 
carefully the entire system of moraines and determine what their 
exact correlations may be. l*recise correlations are yet to be shown 
but the facts at command make it necessary to dissent strongly from 
Prof. Wright's view. In Ohio the outer moraine of the southwestern 
portion of the state is not the outer moraine of the eastern and cen- 
tral portions, it being lost to view beneath the later moraine above 
referred to before reaching the Scioto valley. In Indiana and Illinois 
still greater shifting and overriding took place, a later group of 
moraines crossing an earlier group at high angles. This later group 
may prove to be the correlative of the outer belt of morai?ies in east- 
ern Ohio and western Pennsylvania but upon this point final judg- 
ment cannot be rendered until the moraines are given further study. 
Enough has perhaps been said to make it evident that the complexity 
of the drift deposits and the difficulties of correlation are far greater 
than Prof. Wright has represented. Fr.vxk Levehett. 

4103 Grand Boulernnl, Chicofjo, III., Feh. </, ISihi. 

The Illinois State JMisedm. I beg to thank you for your courteous 
comment on the work of the Illinois State ^^useum in the last issue 
of the American Geologist. 

In justice to several prominent scientists, who have gratuitously 
rendered important services to the Museum by revising our collec- 
tions of Illinois fossils to be exhibited at the Columbian Exposition, 
I wish to add to the names mentioned in your article, the following, 
Tiz. : Prof. James Hall, who has revised all our brachiopods; Mr. 
Charles Wachsmuth, the crinoids , Dr. ( •. Kominger, the corals ; Mr. 
David White, the Coal Measure plants ; Mr. J. M. Clarke, the trilo- 
bites; Dr. Ch. E. Beecher, the Ceratiocaridjv ; Dr. C. A. White, the 
Cretaceous and Tertiary mollusca; Prof. E. D.- Cope, the Tertiary 
fishes; Prof. Milton Whitney is now preparing a report on mechanical 
analyses of a large series of soils of the state ; captain A. AV. Vogdes 
bas prepared a bibliography of publications on the palaeontology of 
Illinois, and Prof. J. M. Nickles, of Sparta, III., volunteered his last 
summer vacation in constructing a longitudinal section from East St. 
Louis to Shaw-neetown, and collecting samples of all the strata out- 
cropping along this line. I hope to have still other names to add to 
this list before the opening of the Exposition. It would be but fair 
to add that a large share of the work has been ably done by Prof. J. 
A. Udden of Augustana College, Rock Island, IlL,and by Wm- F. 
Nicholson, both of whom have been employed by the Illinois Board 
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of AVorld's Fair C-ommissioners to assist ine in preparing the exhibits. 
Prof. Udden has had charge of the construction of a section across 
the state from Kock Island through La Salle to the Indiana state 
line, and Mr. Nicholson has, since July, 1891, assisted me in all the 
various works in the office, besides doing some field work in Union, 
Alexander and Calhoun counties. 

.TOSIA LiNDAHL. 



PERSONAL AND SCIENTIFIC NEWS. 



The Iow.v A(\\1)Emy of Sciences held its annual meeting at 
Cedar Rapids, Iowa, on the 27th and 28th of December, 1892. 
The geological papers were: (\) - The Relation (xf the Cretaceous 
Deposits of Iowa to the Subdivisions of the Cretaceous proposed 
hy Meek and Ilayden, and (2) Note on the Structure and probable 
Affinities of Cerinnitts dactyloides Owen, by S. Calvin, (3) Nat- 
ural Gas and Oil in lotra, and (4) Some Mineralogical Notes^ by 
C. R. Keyes, (5) From Ford to Wintersef, by J. L. Tilton. The 
•other papers were c-hiefly biological. The Academy is fortunate 
in that the legislature, at its last meeting, provided for the publi- 
cation of the papers and proceedings at the expense of the State. 

Prof. li. H. Pammel, .of the Iowa Agricultural College, was 
•elected President, and Herbert Osbom, Secretary' and Treasurer. 
The President of the Academy is e.r-officitt a.member of the Board 
having control of the new Geological Survey of Iowa. 

GeIKIEITE and BaDDELEYITE: Two NEW MINERALS FROM 

Ceylon. The former, in the shape of pebbles, is a magnesian 
titanite. The latter is crystallized zirconia and is named after the 
collector, J. Baddeley. 

A New Meteorite. A meteoric body of an estimated weight 
of twenty tons fell in the vicinity of Jiminez, Chihuahua, Mex- 
ico, about four months agO and is now in the Mexican Museum. 
In its fall this enormous body struck the side of a cliff, uncover- 
ing a rich vein of silver ore. 

The Kansas Board of AoRicrLTURE has appointed Prof. C. 
-S. Prosser of Washburn College, one of the geologists of the 
Board. Notwithstanding there is no authorized geological sur-» 
vey of that state in progress, there is prospect that the • explora- 
tions of Prof. Prosser will result in considerable additions to our 
knowledge of its geology, for he intends to enter upon a season's 
work in the regions of the Carboniferous and Per mo- Carbonif- 
erous. 

The State College of Kentucky, Lexington, has just estab- 
lished for the first time the department of Geology, and A. M. 
Miller is the first incumbent. 
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The Annual Geological Expedition from the Johns Hop- 
kins University, will take place between May 20th and June 10th. 
The excursion will cross the Piedmont plateau and the Appala- 
chians. The ancient volcanics and the Cambrian sandstones 
of South mountain will be examined, also the great fault between 
the upper and lower Silurian strata at Cherry run, on the Potomac. 
Parties desiring to participate should communicate with Prof.G. 
H.Williams. 

Mr. John Eyer.\ian has presented to the Princeton Museum 
a set of casts of Rhytina gigas Linn, after the originals in the 
British Museum. The number of easts is 20, that of the cranium, 
measuring 2^ feet, being the largest. 

On Nov. 14th, before the New York Academy of Sciences, 
Mr. A. HoUock described some additions to the palan^botany of 
the Cretaceous on Staten Island. Dr. H. F. Osborn, **The Cre- 
taceous Mammalia in the Museum of Natural History, Central 
Park, " exhibiting some new material just received. Mr. Bash- 
ford Dean showed a new Cladodont shark from the Cleveland 
shales. 

On Nov. 21st, Dr. Osborn delivered an illustrated lecture on 
*<The Rise of the Mammalia." 

On Dec. 21st, Dr. J. L. Wortman discussed the Mammalian 
Fauna of the Lower Miocene of White River. Dr. Osborn, **A 
New Artiodactyl from the Lower Miocene." 

On Feb. IBth, Dr. E. D. Cope delfv^ered a lecture before 
the Franklin Institute of Philadelphia on ''Late Additions to our 
Knowledge of the Evolution of the Mammalia and Man." 

Died. Dr.W. H. Melville, chemist, of the Geological Survey 
of Texas, died suddenlv of heart disease on Friday, Feb. 17, 1893. 

Sir Richard OwenJ^K. C. B., M. D., D. C. L., LL. D., F. R.S., 
F. L. S, F. (t. S. (L. & E.), died at his residence in Richmond 
Park, London, at the age of 88 ^ears. For over half a century 
this celebrated anatomist worked as a leader in the field of ver- 
tebrate pala}ontology and his communications number many hun- 
dred. Some of his best known studios are "Descriptive and 
Illustrated Catalogue of theHunterian Collections" (published in 
1840 after 12 years of preparation), '-On Tricfnna spiralis,^* 
''Anatomy of the Vertebrates," ''Odontography," * 'Description 
of Fossil Reptiles of South Africa," 'Researches on Fossil Mam- 
malia of Australia and Fossil Marsupials of England," *'The 
Extinct Birds of New Zealand," "On the Megatherium, ' "Rep- 
tilia of the Wealden and Purbeck," "Reptiliaof the Cretaceous," 
''On the Aye- Aye." He was for many years Director of the 
Hunterian Museum, and later. Director of the British Museum 
of Natural History. 
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VESTIGES OF EARLY MAN IN MINNESOTA. 

By W. H. Holmes, Washington, D. C. 

Of the various sites reputed to have furnished evidence of the 
former presence of glacial man in America, Trenton, New Jersey, 
has always taken precedence and is still the focal point of in- 
terest to students of the question. Next in importance, so far 
as the literature of the subject indicates, is the site at Little 
Falls, Minnesota. Observations began at Trenton about the year 
1885, and a very considerable number of finds were reported, and 
the case in favor of a paleolithic gravel man was well formulated 
before the late Miss Franc £. Babbitt made her report upon the 
discovery of specimens of rudely flaked quartzes in the village of 
Little Falls. Attention had been called to the Minnesota site,, 
however, before Trenton came into notice, by professor N. H. 
Winchell, state geologist of Minnesota, to whom belongs the 
credit of the discovery of relics of human handicraft in Little 
Falls as well as the credit of accurate and complete observation 
of the occurrence of objects of flaked quartz in the superficial 
glacial deposits. In the year 1877, in making a reconnoissance 
of Morrison county he spent several days in the vicinity and made 
the interesting observations recorded in the following paragraphs 
quoted from the sixth annual report of the state survey. In 
looking for evidence of what was known as ^ 'Pike's Stockade, " 
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about two miles below Little Falls, on the east side of the river 
he observed, to quote his exact words : 

"Pieces of chipped white quartz, which from their sharpness, and 
their color, indicate an artificial origin, and attract the eye of the 
visitor. It was only after a handful had been gathered, that at last 
an imperfect arrow-head was found. These chips, at this point, were 
found only over a small area, indeed they were not looked for at 
other points up or down the river, nor at any depth below the surface. 
This quartz, which is white and opaque, was evidently taken from 
some vein in the slate in this neighborhood, for the slate at Little 
Falls has several veins of that kind of quartz. 

"Subsequently, however, these chips were found to extend over a 
larger area, and to be incorporated with the materials of the river 
banks. » » • » They are found, not only on the surface of the 
Hat on which Little Falls village stands, especially near the river, but 
on excavating the bank near the river, making a perpendicular sec- 
tion, they are found to extend downward three or four feet into the 
sand and gravel. A person in digging half an hour might find twenty- 
five or thirty. The material in which they occur is a homogeneous 
sand, passing downward gradually into a coarse sand and finally into 
a gravel. This flat along the river on the margin of which they are 
found, is about twenty-seven feet above the river, and is now never 
covered by it. The bank itself may be divided into three parts, as 
follows, in descending order: 1. Loam sand, gravelly below. 2. 
Gravel, becoming stony below. 3. Hardpan-drift, containing bowl- 
ders.* » » » 

"The quartz chips occur in No. 3 [of the section on p. 55], and abun- 
dantly on the flat (somewhat lower than the average here) directly 
opposite Little Falls, in the neighborhood of the trap dyke. They 
extend up and down the river also an unknown distance. They were 
found at the mouth of the Little Elk, two and a half miles above 
Little Falls. The belt on the west side which seems to afford them 
is about 40 or 50 rods wide, but something less than }^ mile on the 
east side. On the west side they appear in the soil when large trees 
.tear it up."t » ♦ » ♦ » 

"When they were first observed they were taken to be of much later 

date than they seem to be, indeed they were associated with the 
builders of the mounds and ridges that are seen at Little Falls and 
many other places in Minnesota, attributable to a race known as the 
Mound-Builders, who preceded the present Indian races. But these 
mounds and ridges at Little Falls are built of the very sand, and are 
situated on the very same plain in which these chips occur. In other 
words, the Mound-Builders dwelt at Little Falls since the spreading 
of the material of the plain ; hence they are post-glacial. The chipping 
races, if these chips are of human origin, preceded the spreading of 
the material of the plain, and must have been pre-glacial; since the 

•Winchell, N. H., Hirth Annual Report Minn. (ieol. Survey, p. 54. tlbld. p. 66. 
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plain was spread out by that flood-stage of the Mississippi river that 
existed during the prevalence of the ice period, or resulted from the 
dissolution of the glacial winter. The fortunate juxtaposition of 
these two classes of human remains enables us to establish this im- 
portant general truth."* 

My own observations confirm, in every respect, those of pro- 
fessor Winchell, but the examination of other groups of related 
phenomena makes it necessary to revise his inferences and con- 
clusions. Finding relics of art deeply imbedded in the loam 
capping the terrace, he inferred that the site was occupied by 
men during the closing episodes of the glacial period, and coup- 
ling this idea with the fact that the shaped relics were all ex- 
tremely rude he further inferred that the culture of that time 
must have been paleolithic. My investigations have shown, how- 
ever, that the flaked quartzes were probably not originally in- 
cluded in the loam but rather that they were introduced into it in 
post-glacial times, and that they were rude because mere shop 
refuse, the period of occupation thus, in all probability, corre- 
sponding to that of our historic aborigines. In these views pro- 
fessor Winchell now fully acquiesces. 

Several years later Miss Babbitt engaged in investigations at 
this place. Finding numerous flaked quartzes outcropping along 
the terrace front near the base, she assumed that the deposit was 
interbedded with the gravels at this level and inferred that man 
must have occupied the site early in the gravel forming epoch. 
Being unable to explain the fact that the flaked objects were 
all of rude types without supposing an exclusively rude state of 
art, she was led to assign them to a paleolithic culture. My re- 
searches make it plain, however, that the original observations 
were vitally defective and that the inferences and conclusions are 
wholly unsupported. 

Miss Babbitt was a teacher, resident temporarily in Little Falls, 
and devoted much attention to the collection of archeologic data. 
Her first report upon the finds of flaked quartz was read before 
the Minnesota Historical Society in 1880, but nothing seems to 
have been printed at that time. A fuller account was presented 
at the meeting of the American Association in Minneapolis in 
1883, an abstract appearing in the proceedings. In the Ameri- 
can Naturalist for 1 884t an extended paper was given embody- 

♦Ibld. p. 56. 

tFranc E. Babbitt. Vestiges of Glacial Man in Minnesota. Ameri- 
can Naturalist, Vol. xviii, p. 594. 
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ing all the observations and deductions relating to the sub- 
ject. 

1 will not quote from the writings of Miss Babbitt, save in so 
far as may be necessary to convey a clear notion of what she saya 
upon vital points, and shall only do this when the reference is 
essential in explaining the relations of her observations to my- 
own. 

Besides the above mentioned investigations of professor Win- 
chell and Miss Babbitt, no work has been done upon the archeol- 
ogy of this region, although other writers, notably Mr. Warren 
Upham, professor G. F. Wright, and Mr. Henry W. Haynes, taking 
for granted the correctness of all the original observations and 
conclusions, have ventured to enlarge upon the material pub- 
lished. 

Professor Winchell revisited Little Falls at the period of Misa 
Babbitt's later investigations and accompanied her to the site of 
her finds. He did not attempt, however, on this occasion to da 
more than examine the surface phenomena at the ''notch'* and, 
although not fully satisfied with the deductions of Miss Babbitt^ 
did not enter into the further discussion of the subject. 

In returning from the copper mines of Isle Royale in June,. 
1892, I paid a visit to Little Falls and had the great good fortune 
to be joined by professor Winchell, who identified for me the site 
of his original discoveries as well as that of the subsequent in- 
vestigations of Miss Babbitt. 

Before describing my work at the latter point I will sketch 
briefly the general archeologic features of the vicinity presenting 
the results of such observations as bear directly upon the ques- 
tions of the age and character of the flaked quartzes. The Mis- 
sissippi river in this part of its course flows in a somewhat sin- 
uous channel cut to a depth of from twenty to forty feet through 
a glacial terrace. Until a few years ago the river descended in a 
succession of rapids through what is now Little Falls village. A 
dam twenty feet in hight was built across the lower end of the 
rapid in 1888, and this has backed the water up for a consider 
able distance, drowning the banks to depths decreasing gradually, 
with the distance from the dam. The main terrace has a rather 
even surface which rises from ten to twenty feet above the level 
of the back water. A limited bench, a post-glacial flood plain, 
on the west side, is several feet lower. The place affords an ideal 
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site for settlement either by savage or civilized communities. 
The occupation of the terraces adjoining the rapids by our his- 
toric aborigines was natural and inevitable, and I began at once 
to seek evidence of their presence, hoping readily to secure 
material for a comparison of their arts and industries with the re- 
f>uted works of the ice age. Village sites were easily found on 
the terraces adjoining the lower end of the former cascades, one 
on the east side occurring on the remnant of a subordinate bench 
at the end of the dam and another on the west side three or four 
hundred yards farther down. 

The western village was located on the post-glacial flood plain, 
and was manifestly recent, the site being covered with clusters of 
fire-marked stones — boiling or hearth stones — and with flaked 
quartz-refuse and hammerstones of ordinary types. The entire 
surface was grassed over and observations could not be readily 
made save on the banks of the river and in gullies cut by mill-race 
overflows. On the surface of the terrace perhaps one hundred and 
fifty yards below the west abutment of the dam, a wagon trail had 
cut the sod, exposing a nest of quartz fragments, which I dug out, 
finding them to be the usual quartz shop refuse consisting of 
flakes, partly shaped rejects and angular masses. The cluster was 
some three or four feet in horizontal extent and two or three 
inches deep in the middle, thinning out at the margins. It had 
not been seriouslv disturbed since left bv the arrow-maker, save 
perhaps that such large pieces of stone as projected above the sod 
had been removed. In the side of a deep wash just below the 
lower mill, and between three and four hundred yards below the 
dam, the section of a similar shop cluster was exposed. There 
was visible in the vertical bank only a band of white chips, two or 
three inches deep in the middle and thinning out at the edges as 
in the other case, the deposit being covered bj' an inch or two of 
soil. Working this material out carefully with a hand pick, 1 se- 
cured about a peck of the ordinary quartz refuse and two pitted 
stones; the latter were found near what was originally the middle 
of the shop, just as left by the artisan who did the work. 

These stones are both quartzite bowlders. The larger is but 
imperfectly rounded, being rudely pyramidal. It is six inches 
long and four in greatest thickness. One flattish side is deeply 
pitted by pecking, and the opposite side is slightly roughened by 
the same process. The pointed end is battered, indicati^ng that 
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the object was used as a hammerstone, the pits accommodating 
the thumb and opposing finger. The smaller stone.is irregularly 
discoid; is three and one-half inches in greatest diameter and one 
and a quarter inches thick. The sides are rudely pitted. The 
pecking has been done with a sharp stone carelessly used and the 
depressions are very rough to the finger tips. The margin or per- 
ipher}' is slightly battered by use. The occurrence of these two 
pitted stones of such varying size on a simple shop site furnishing 
no large fragments of quartz, led to the surmise that possibly the 
larger was a kind of anvil upon which the quartz fragments were 
placed to be splintered by the smaller stone. Both may, however, 
be simple hammerstones. The essential observation in regard to 
them as well as to the clusters of splintered quartz is that all are 
evidently of modem aboriginal origin. 

On a somewhat higher level about half a mile above the dam, 
near a large lumber mill, I found another shop cluster of like 
character, the fragments being distributed to somewhat greater 
depth through disturbance of the original bed. Near b}- was a 
small artificially discoid hammerstone of granite. 

These shop clusters all contain the ordinary flakes, fragments 
and rejects of blade-making, characteristic of quartz shop-refuse in 
all parts of the country. The ground on the west side of the river, 
wherever disturbed by plow, pick or wheel, is found to contain 
more or less fragmental quartz of corresponding forms. It was 
apparent that the supply of raw mat-erial was easily and generally 
accessible, and I s<x)n found that over a large part of the second- 
ary flood plain the alluvial deposits are very shallow, being un- 
derlain by Huronian slates through which run numerous heavy 
veins of quartz. A trench from two to four feet deep carried along 
a newly laid railroad track, a few rods back from the river, ex- 
posed many of these veins and white workable masses of quartz 
were scattered about in profusion. These ancient formations rise 
considerably above the present level of the back-water and certainly 
reach to within eight or ten feet of the surface level of the main 
glacial terrace. This fact, it seems, had not been previously ob- 
served. The only well marked village site found on the east side 
of the river is located on the remnant of a subordinate terrace 
which connects with the abutment of the great dam. The terrace 
is from three to six feet above the water of the dam, and falls off 
abruptly. below some twenty feet to a lower level. Originall}' there 
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was here on this camp site a slight convexity of the surface, the 
result, no doubt, of building up of kitchen-midden material. The 
remnant of this accumulation is occupied by a blacksmith shop 
and could not be thoroughly examined. A section exposed by re- 
cent repairs to the dam shows about eighteen inches of dark soil 
filled with quartz fragments, charcoal and decayed refuse, resting 
upon stratified gravels. The latter are apparently only a few feet 
deep and rest upon the quartz-vein-bearing slates, of which excel- 
lent outcrops are seen in the bank below. The main terrace lies 
about one hundred feet back and rises six or eight feet above the 
village-site level. 

The location and character of this site would seem to show con- 
clusively that it was occupied in comparatively recent times. Many 
of the quartz bits and masses are partially shaped as in other places 
where implements were made. No other works of art were found. 
Quartz veins are exposed in the banks and bed of the river below 
the dam and on Mill island opposite, and I am informed by pro- 
fessor Winchell that large and conspicuous outcrops of quartz- 
veins were to be seen, before the dam was built, in the slates form- 
ing the bed of the rapids above. Considerable quartz flaking was 
done at various points along the bank of the river for nearly a 
mile down. 

On Oak street, two or three hundred feet northeast of the vil- 
lage-site midden, I found an interesting shop cluster. The street 
is sunk a few feet into the level terrace exposing the surface de- 
posits of sandy loam and making a section of the cluster of quartz 
shop-refuse; it was seen that this deposit did not lie in a horizon- 
tal bed just beneath the surface, as in the cases observed on the 
west side of the river, but that portions of it were disturbed, the 
fragments being distributed through the soil to a depth of a foot 
or more b}' some agency not clearly apparent. At other points 
near by I observed isolated and widely disseminated flakes pro- 
jecting from the bank down to a foot or two beneath the surface. 
On the river bank three or four hundred feet farther north, and 
near the foot of Elm street is the site of professor Winchell's orig- 
inal discovery of flaked quartzes distributed through the loam. 
This portion of the terrace, lying about the eastern entrance to 
the bridge, has been much occupied by the aborigines and is 
strewn with flakes and fragments of quartz. 

Further evidence of the modern occupation of the terraces 
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about Little Falls is found in the presence of mounds and earth- 
works and in the discovery of arrow points of quartz and other 
ordinary Indian implements. From these varied observations it is 
plainly seen that this locality was extensively occupied by our his- 
toric tribes, and the evidence is ample that they made free use of 
the quartz, outcropping at so many points, and that the refuse 
resulting from the manufacture of their implements is identical in 
every way with the relics obtained by professor Winchell and Miss 
Babbitt. 

I paid my first visit to the site of Miss Babbitt's well known in- 
vestigations in company with professor Winchell and Mr. W. W. 
Williams, of Little Falls, and the former identified and pointed 
out the exact spot on which the finds were made. So far as can 
now be seen the conformation of tlxe ground is accurately described 
b}* Miss Babbitt, although since the period of her studies the river 
has been much altered by a dam and at this point the water has 
been raised eight or ten feet. The dbief change produced is the 
entire drowning of the lower flood plain, which, if I am correctly 
informed, extended from near the base of the bluff several hundred 
feet outward to the margin of the main channel. A little farther 
down the outer and higher portion of this plane is still visible 
during periods of low water and is known as Boom island. It is, 
or was, separated from the present shore — the main bluff face — ^by 
a shallow channel. The water now rises to within an average of 
about twelve feet of the summit of this bluflf, washing the slope 
a little below the level of the supposed outcrop of artificial 
quartzes. 

At this point a shallow water-way or wash called the * *notch, " 
by Miss Babbitt and formerly occupied as a wagon road, leads 
obliquely down the slope to the water's edge. Before the dam 
was built ferry boats landed at a lower level, and in aboriginal 
times this spot was no doubt the upper end of a portage by 
means of which the rapids were avoided. Save for this break 
the bluff is continuous for a long distance, rising in places at a 
steep angle, but having at this point a slope of perhaps twenty or 
twenty-five degrees ; the old roadway has a more gentle inclina- 
tion. The accompanying sketch map conveys a clear notion of 
the topography of the spot and indicates the nature and extent 
of my trenching operations. 

It was observed that the sloping sides of the shallow roadway 
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-were somewhat freshly brokea down exposing the block eurrace 
loam a few laches thick and portions of the yellowish sandy loam 
beneath. The former flnda of flaked quartz were made mainly 
atx X, fig. 1, jast above where the water now washes <the north- 
ern b&nk of the roadway, and I found many specimens project- 
ing from the soil at this point; but examination developed the 
fact, not observed by Miss Babbitt, that others were present, 
though more sparingly, in the dark loam on both sides of the 
roadway all the way up, I began a trench at the water's edge, 
as indicated by the heavy dotted lines, and carried it into the 
terrace, descending at intervals two or three feet below the water 
level. On the submerged slope as far below water level as it 




pOflllof quArteeaii 

could be examined, the quartzes were apparently confined pretty 
much to the surface. The main deposit of shaped pieces, the 
Babbitt bed, rested npon a bed of nearly pure sand sloping gently 
npward from the water level. 

As the trench advanced large numbers of the quartz fragments 
were encountered and it was observed that they corresponded 
-closely iu every way with those described and illustrated by Miss 
Babbitt and with those found upon and near the surface on the 
river banks below. There were in the deposit considerable 
masses of white quart/., just as they were derived from the veins, 
smaller fragments, bits, flakes and many partially shaped pieces 
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evidently the rejects of blade-making. 1 had for three years 
been familiar with identical quartz shop-refuse. These articles 
were embedded in rather loose heterogeneous gravels and though 
confined to a pretty uniform level below, resting upon a bed of 
sand, they extended upward to the surface of the slope. They 
were distributed somewhat generally throughout the mass, although 
a slight appearance of clustering was at times noticeable. As we 
penetrated farther the fragments became less numerous and in- 
cluded fewer large pieces. Having advanced about twenty feet 
on a line nearly parallel with the north bank of the roadway the 
formations began to change their appearance at the base and it 
soon became apparent that we had reached the limit of the het- 
erogeneous quartz-bearing deposits, here some five feet deep, and 
were encountering homogeneous undisturbed strata, the separa- 




Fio. 2. (General fiection of terrace inanirln. Babbitt site, showing bedded gravels aii<L 
quart«-beariiiK talus, tbe black augular figures represeutlug the artificial material. 

tion being, however, quite indefinite. There was a somewhat 
gradual change of color and composition; from dark heterogene- 
ous materials there was a gradation through mottled, mised 
materials to yellowish, homogeneous, gravelly sands. The sur- 
face or front of these sands, referred to usually as gravels, rose 
at a high angle, and at thirty feet advance in the trench the 
superficial quartz-containing deposit had, from five feet deep at 
the 22d foot, thinned out to eighteen inches. The section pre- 
sented in fig. 2. was drawn with great care and represents the 
general conditions with all necessary accurac}' and without distor. 
tion of scale. 

The phenomena of the front surface of the normal gravels as 
exposed in the trench were very instructive. There had been 
considerable disturbance by cracking and sinking, especially on 
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the side next the bank of the roadwa3\ lu this disturbed por- 
tion a few bits of quartz were found, and to the unskilled observer 
these might have been considered original inclusions in the gravel; 
but professor Winchell was present and gave his opinion freely 
that they were there through disturbances indicated by the mixed 
coloration. A little further on, at about the 32d foot, we came 
upon the root of a tree, the tap root of an oak, still preserved up 
to the dark soil of the surface, here some twelve inches thick, and 
extending down through the strata below the water level, an ob- 
served depth of six or seven feet. Having partly rotted, the root 
was surrounded hy blackish earth. Further on a similar root was 
encountered which had penetrated to like depth, but which was 
almost totally decayed. The space was filled with blackish sandy 
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Fi«. 8. Detailed gection of talus and normal graveU, eliowinfi^ disturbancea by crumbling 
and sliding, and by growth and decay of oak roots. 

loam containing to some depth bits of gravel descended from the 
surface beds of heterogeneous materials. 

In the normal deposits beyond these roots there was no trace of 
disturbance or of abnormal discoloration; neither was there a trace 
of flaked quartz, although hours of patient search were expended 
upon the full exposure of the undisturbed deposits extending to a 
foot or more below the water level. 

As indicated in the accompanying sections, a layer of bowlder- 
bearing gravel several inches thick, occurs at about five feet be- 
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low the terrace surface. On the terrace slope at this level the 
surface loam, containing flaked quartz, was only a few inches 
thick; this condition is accounted for by the fact that the bowlder 
gravel, being firmer than the sands above and below, resists ero- 
sion and tends to form an outcrop, the loose materials from above 
descending to lower levels. Upon the layer of gravel rests about 
five feet of light brownish sand or sandy loam, somewhat darker 
near the surface from the decay of vegetable matter. A line of 
pits was carried across the level terrace, in continuation of the 
trench, to test the nature and contents of this deposit. In every 
pit, for more than one hundred feet from the margin of the ter- 
race, shaped quartzes were found, and strangely enough, they 
appeared to be somewhat uniformly distributed through the loam 
to the depth of from two to three and a half feet. This was a 
repetition of the interesting phenomena observed by professor 
Winchell one-half a mile below; but before taking up this division 
of the subject I shall look more fully into the main source of 
•controversy, the Babbitt finds. 

The results of my own observations of the phenomena of 
this site are clearly presented in the accompanying sections, 
figs. 2 and 3. The glacial formations concerned consist of three 
members, first, beginning* at the top, about five feet of sandy loam; 
f^econd, a layer from six to twelve inches thick, of bowlder-bear- 
ing gravel, and third, a deposit of rather homogeneous sand with 
3ome fine gravel, extending down to two or three feet below 
water level, an exposed thickness of about eight feet. The face 
of these deposits is rather steep and is hidden by accumu- 
lations formed of materials weathered from the projecting edges 
of the strata. The talus deposits are onh"^ a few inches thick on 
the upper part of the slope but reach about five feet in thickness 
toward the base, as already shown, the terrace slope just here 
having an angle of from fifteen to twenty degrees. The whole of 
this talus deposit, from top to bottom, is filled with the refuse 
of quartz-arrow making, the heavier deposits of fragments occur- 
ring near the base, as shown in fig. 2. 

The geologic, topographic and ethnic story of this site, read 
in the simplest manner from carefully observed data is about as 
follows: The formations constituting the river terrace, as indi- 
oated above, were, at the close of the glacial epoch, in the main 
oontinuous across the valley. The post-glacial river cut its 



Early Man m Mvnnesota.^Holmes, 231 

channel down through these deposits, reaching finally its present 
bed in the Huronian slates upon which the gravels were laid 
down. When the river flowed actively along the east side of the 
channel, washing the base of this bluff, the latter was no doubt 
much steeper than now and had a hight of about twenty-five 
feet. The horizontal glacial deposits were exposed to their full 
thickness, and in all probability, relying upon observations made 
in the vicinity, the underlying quartz-bearing slates at the base 
were uncovered to the depth of from five to ten feet. When 
the river ceased to erode actively at this point, the loosely bedded 
gravels and sands forming the upper part of the bluff dis- 
integrated and descended to the base, covering the slates and 
the exposed edges of the formations and gradually producing 
the practically stable slope seen to-day. 

The primitive inhabitants of the valley sought quartz where- 
ever the veins were conveniently exposed. Finding at this point 
a natural descent to the river by a gully, now the old roadway, 
they were able to reach the exposures of quartz, and naturally 
established their shops on the nearest available spots. It is prob- 
able that the wide flood plain now under water was in those 
earlier days swept by strong freshet currents exposing the quartz- 
bearing formations over large areas, thus furnishing unusual op- 
portunities to the quartz- working natives. These are precisely 
the conditions that prevailed in the river channel in front of the 
old village site at the dam, as shown by a photograph of the 
place made before the dam was built. Even if exposures of quartz- 
were not found at the lower end of the ** notch " they certainlj' 
did occur in the river banks a few hundred feet away, since at 
the present time, with a rise of ten feet in the water level, the 
quartz-bearing rocks are still exposed in the opposite bank of the 
river. Professor Winchell is of the opinion that in early times 
this spot was probably the only convenient or available landing 
place near the head of the rapids, since the banks elsewhere were 
either steep or swampy; and it is not improbable that quartz, 
obtained about the head of the rapids or even at the mouth of Elk 
river above, where veins occur, was brought to this spot in canoes 
and broken up and trimmed prior to further transportation. That 
the source of the quartz, or part of it, was really near at hand is at- 
tested by the presence of masses and fragments of considerable size 
on this site, and it seems highly probable that when these work- 
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shops were occupied by the arrow-makers the qaartz-veins were ex- 
posed somewhere within easy reach of the base of the <<notch" and 
possibly within a few steps of the heavier accumalations of shop 
i-efusc; bat whether this be the case or not, the mystery of the 
origin of the quartz, dwelt upon by the original explorer, entirely 
disappears. 

I may mention that there is a very common misunderstanding 
in regard tx> the accumulation of this class of shop refuse. Be- 
cause it is plentiful and scattered over a considerable area, a long 
period and vast numbers of people are predicated, but so far as 
this site is concerned — and I speak from careful observation — 
one old arrow-maker, with a couple of squaws to gather the quartz, 
would in a few weeks produce as much refuse of manufacture as 
has ever been seen upon this site. 

Approaching this subject, this particular group of phenomena, 
from my own standpoint — that acquired by a study of quarry- 
shop work and of the general conditions of modern aboriginal 
life — no other theory than that outlined above seems called for, 
and no other known theor}"^ will satisfactorily explain the facts as 
brought out by the study of the site; but there are those who may 
wish to understand how Miss Babbitt, who examined the spot with 
much particularity and dwelt at great length upon the phenomena, 
was able to reach such opposite and remarkable conclusions. 

In order that the matter may be more readily examined by 
students I beg leave to present brief extracts from her writings, in 
which are embodied most of the essential points of her observa- 
tions and interpretations. Having carefully described the site 
and the occurrence of quartz fragments and artificial forms, she 
states her objections to a recent and neolithic origin for the quartzes, 
arguing that the phenomena could only be reasonably accounted 
for by assuming that the quartz was flaked and distributed during 
the accumulation of the gravels and before the pre-glacial, out- 
cropping veins were buried by the rapidly accumulating deposits; 
and inferring that the artificial forms, being exclusively rude are, 
without doubt, paleolithic. Having formulated these views it 
remained only to assume that the river in cutting its post-glacial 
channel had exposed and disturbed the artificial deposits, leaving 
them as found to-day. The following arguments are given in sup- 
port of the positions taken : 

* 'The spot appeared to be peculiarly unfitted by nature for a base 
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of quartz- working operations. It was unintelligible, for example, 
wh}' an important industry of this sort should have been estab- 
lished at so great a distance from quartz bowlders and quartz- 
bearing rock, especially as convenient plains occur about the 
nearest exposures of this mineral. Again, why should such a 
manufactory' have been set up upon a steep hill-side with its ap- 
proaches of such a character that all the material to be handled, 
as also the implements fashioned, would have to be transported 
to and fro, up and down a considerable acclivity? Above all, why 
should this workshop have been relegated to the bottom of a 
natural drain, the solid contents of which were necessarily over- 
whelmed, or swept away bodily, at every considerable rainfall and 
thaw of the year? As an illustration of the superficial disturbance 
to which the place was subject, I may mention that at the close of 
a long, but by no means exceptionally protracted rain-storm, I 
once collected from the notoh, b}' actual count, about one thousand 
quartzes, all newly plowed out of the soil at that one time. Of 
this I was certain, as I had previously cleared the ground of everj' 
quartz piece of any size from view. 

< * A final fact, wholly irreconcilable with the hypothesis of 
neolithic origin, was the absence of quartzes from the surfaces at 
the superior edges of the notch, and along the terrace-plain ad- 
joining. It was not for a moment to be believed that such re- 
mains would have been thus distributed by aboriginal artificers. 
It was simply impossible that the quartz-workers should have lim- 
ited their manipulations to a strip of sand six or eight feet wide 
and thirty to forty long, less or more, heaping upon this narrow 
defile thousands upon thousands of fragments, yet leaving abso- 
lutely no small splinters nor chips beyond, neither up the slopes 
of the notch nor elsewhere in the vicinity. * * * 

<< Prolonged investigation ensued, establishing the hitherto un- 
suspected fact that the notch quartzes could never have been di- 
rectly involved in the terrace surfaces. Had they once been thus 
inhumed, the superficial stratum of adjacent drift would assuredly 
have been found to contain a greater or less poporriion of similar 
fragments, scattered throughout its substance. But this was not 
the case. On the contrary, no buried quartzes whatever appeared 
in the superior exposures of the notch; nor within the horizontal 
surfaces at either hand, though such were sought with careful 
scrutiny. * » * 
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< *The absence of chips above a plane a foot or two saperlor to 
that of their bed at the bottom of the notch was, of course, a 
marked circumstance, since they should have occurred plentifully 
in the superficial stratum, had the notch chips been, as assumed, 
of the same age with professor Wincheirs find. "* 

In the light of what I have already said and expressed in the 
section given, figs. 2 and 3, it would seem unnecessary to comment 
upon these extracts as the misapprehensions embodied in them 
must at once be apparent to the discriminating student; but a few 
points may be briefly referred to. The statements in the first par- 
agraph quoted, that the site must have been distant from th& 
source of supply of the raw material and that it was, on account 
of its topography, wholh' unfitted for shop work are, as I have 
shown, entirely invalid. In speaking of the agencies that wash 
out and transport the quartzes the author reveals accidentally 
one reason for their occun*ence in a bed at the mouth of the 
''notch,'' for it was through this washing out and through the 
action of gravitation that portions at least of the products of the 
scattered shops on the slopes and terrace margin above were 
carried down to this spot. At the same time this was probably 
the natural location for the main shop, the spot where all masses of 
large size would be broken up and assorted, since it may have 
been the only approximately level ground about the landing at 
the base of the terrace. The argument against a modern origin 
for the quartzes based on peculiarities of distribution, falls through 
when the true conditions are known, these conditions being ex- 
actly such as would result from recent occupation of the river 
landing b}- our Indian tribes. 

In the second, third, and fourth paragraphs it is emphatically 
denied, as an essential feature of her case, that flaked quartzes 
occur at any point above a horizon some twelve or fifteen feet, 
lower than the main terrace level. This, as , my careful dissec- 
tions show, figs. 2 and 3, is entirely wrong. The deposit seen at 
this level was not interbedded with the gravels and was not a 
stratum. Apparently Miss Babbitt did not see the gravels in 
place and probably did not approach them within a distance of 
many feet of the level indicated. I have shown that the quartzes 
were not confined to a given level, but occur at all levels, not. 
only on the surface but apparently in nearly every square yard 

♦Babbitt, Franc E. American Naturalist, Vol. xviii, pp. 599-601. 
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of the surface loam within a radius of one hundred and fifty feet 
from the supposed bed of paleoliths. It is not necessary to 
dwell further upon these extracts or to review other parts of her 
work, for, notwithstanding Miss Babbitt's evident sincerity and 
prolonged and praiseworthy attempts to reach the truth, it should 
be plainly stated that had she deliberately planned to misunder- 
stand and misinterpret the more important phenomena of the site 
she could hardly have been more ^successful in accomplishing 
these ends. 

It is clear that the section exposed by my trench discloses ex- 
actly the conditions and phenomena that would result from the 
occupation of the site by quartz-workers of our neolithic aborig- 
ines at any period subsequent to the exposures of the Huronian 
bed rock by the post-glacial river, and there is nothing in the 
conditions and phenomena of the site that will enable us to say 
whether the beginning of the quartz-working dates back one hun- 
dred or one thousand years. Considering all features of the evi- 
dence, however, geologic, topographic, archeologic and historic, 
the probabilities are very strong that the former figure is more 
nearly correct than the latter. 

Having shown that there is no evidence of the presence of man 
in this localit}' during the earlier stages of the gravel-forming 
epoch, the proposition affirmed by Miss Babbitt, I desire now to 
examine briefly the evidence relating to his presence during the 
final stages of that era, as outlined by professor Winchell. It 
has already been stated that the early observations of the occur- 
rence of worked quartzes in the superficial glacial deposits are in 
every respect correct, and identical observations were made by 
me on the Babbit site in carrying the ti*ench up over the level 
surface of the terrace. At all points within a radius of about one 
hundred and fifty feet from the Babbitt deposit the quartz frag- 
ments were distributed through the loam to the depth of from 
three to four feet. The same conditions were observed at other 
points, and I was at first entirely at a loss to account for the 
phenomena save on the theory, suggested by professor Winchell, 
that man lived upon the flood plain of the Father of Waters, at 
this point during later glacial times, shaping there his rude im- 
plements of quartz. But as my observations were continued and 
carried over a wider field I encountered facts that did not readily 
accommodate theinselves to this theory, suggesting the need of 
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other explanations. Some of these puzzling facts may be 
enumerated. 

In the first place, it seemed strange that the quartzes found in 
the loam should be confined exclusively to sites occupied or nat- 
urally resorted to by modern tribes who, as I have shown, left 
refuse identical in character and material with that found in the 
loam. In the second place, these quartzes were not in beds or 
layers at definite depths beneath the surface, as if made and used 
on the site at intervals in glacial inundation, or as if distributed 
from sites of manufacture by water during the formation of the 
deposits. It seemed a most significant fact that they were, in all 
observed cases, distributed somewhat uniformly through the 
stratum of sand extending from the surface downward, as if let 
into the deposit from above by some disturbing agency. In the 
third place, as professor Winchell has observed,* there were, so 
far as can be determined, no exposures of quartz- veins from which 
the raw material could be obtained at the period of gravel depo- 
sition involved; and, in the fourth place, professor Winchell had, 
at another point, secured neolithic implements from this same 
deposit, t So strongly were these suggestive observations im- 
pressed upon my mind that I felt impelled to begin the search 
for more definite evidence, and especially for evidence of agencies- 
that could have served to introduce articles of modern make from 
the surface. Fortunately it was not necessary to go far. In 
digging the trench on the Babbitt site it was observed, as shown 
in fig. 3, that the rotting of the roots of large trees would per- 
mit the lowering of surface objects into the superficial deposits, 
and that as a result general distribution would in time result ; but 
this did not seem to be a sufficiently potent agent. It was also- 
apparent that distribution, such as that observed, would result 
from disturbances of the soil by burrowing animals, like the 
gopher, badger and prairie dog. by the wallowing of buffalo, by 
the cutting of paths by elk, and by excavations made by men, 
but these were not entirely satisfactory agencies, as they were 
not within the range of present observation. I passed up abd 
down the margin of the terrace, examining each exposure of the 
strata and every contour of the bluff. I soon found that the 
winds had played with these surface sands and that dunes had 

♦Winchell, N. H., 6th An. Kept. Geol. Survey of Minn., p. 67. 
tibid. p. 60. 
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accumulated in places to the depth of from three to five feet, giv. 
Ing rise to obscure elevations along the edge of the terrace ; and 
it appeared that any part of the loam could thus have been 
worked over within recent times, distributing the bits of quartz 
from surface shops throughout the mass.. Any one of these ob- 
servations would have been sufficient to enable me seriously to 
call in question the conclusion that the quartzes were originally 
included in the loam, but I sought an agency entirely competent 
and satisfactory. 

Passing through the western part of the village I came upon a 
large area recently cleared of its growth of young forest trees. 
The surface was varied by countless humps and hollows, and I 
found, by careful inspection, that it was the site of an ancient 
forest which had been uprooted by a tornado. A few of the great 
root masses were still preserved, and in some cases where the 
wood had entirely disappeared the mounds of earth were still 
three feet high and the associated pits or hollows were nearly that 
deep. The humps and pits were so numerous as to disturb nearly 
one-half of the original level surface of the ground, and the dis- 
turbance must have extended in many cases to a depth of from 
four to six feet. Here, evidently, was the distributing agency 
sought, and one entirely competent to accomplish all that had been 
observed of distribution. Not only was this much obvious, but it 
appeared, further, that a factory site upon which relics were dis^ 
tributed, disturbed by such an uprooting of forest trees, could 
not do otherwise than present exactly the conditions observed in 
the loams of the terrace plain. Indeed, it may be said that, in & 
locality where forests grow on and in deposits so unstable as are 
these Little Falls loams, it is impossible that surface accumula^ 
tions of articles of stone should remain for a long period entirely 
upon the surface; and the explanation thus furnished of the dis- 
tribution of the worked quartzes of this locality through the 
glacial deposits, to the depth of four feet or more, is so satisfac- 
tory that no other theories are called for and little further discus- 
sion seems necessary. 

The processes of distribution of surface articles throughout the 
superficial loams by this agency maj^ be illustrated by a series of 
sections. The section presented in fig. 4 exhibits the conditiona 
of a cluster of shop sites such as had accumulated on the prairie 
margin when the manufacture of quartz implements was going; 
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on. There may, or may not, have been a forest at the time with- 
out affecting the final result, although a longer period must be 
allowed if the forests had to gi'ow after the site was deserted by 




Fig. 4. Normal distribution of recent quartz shop-refuse upon tlie prairie sur- 
face, the black anffular figures representing the refuse. 

the arrow-makers. The immediate result of the uprooting of a 
forest upon such a site is depicted in fig. 5. Portions of the 
quartzes would descend into the pits and portions would be car- 




FiG. 6. The effect of uprooting of trees on surface relics. 

ried up with the roots. When the wood rotted away the 
quartzes would be.distributed over the mounds and in the hollows 
somewhat as shown in fig. 6. and by the time the elevated por- 




Fio. 6. Distribution of quartzes over humps and in hollows after the rottins of 
uprooted trees. 

tions of the soil had again settled into the general level of the 

prairie the conditions would be prettj' much as indicated in fig. 
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7. This result is really most remarkable, yet, as I have shown, 
inevitable — time being allowed — under the conditions existing at 
Little Falls. It is seen that in the period occupied by the up- 
rooting and decaj* of a forest and the settling of the loose earth 
back to its original level, the modem quaiTy-shop site with Its 




Fio. 7. Distribution of quartzes resultinff from forest uprooting, exemplified in 
the surface deposits of Little Falls. 

bed of fragments, flakes and failures may be so changed in char- 
acter as to afford striking proof of a paleolithic man of glacial 
age. The record may be so altered in the period of a generation 
as to be read ten thousand years instead of MXy, Such is the 
magic of nature's transformations and such are the pitfalls set 
for unwary explorers. It is true that since the occupation of 
this site by the quartz flakers, many forests may have fallen, but 
proof of this must necessarily be haixl to secure, and if secured 
must still fall short of carrying the history of man back to glacial 
times. 

In support of the theory* that man dwelt in the valley of the 
Mississippi some ten thousand years ago it is pointed out that 
artificial quartzes ai'e distributed through portions of the super- 
ficial glacial deposits. I have shown that there are many ways 
in which this distribution could have taken place under modem 
conditions and through causes operating within the century. 
It may be objected that I have really proved nothing with respect 
to the recent introduction of the quartzes into the loams of this 
particular site, but I would observe that this is not essential. I 
have shown that the presence of worked quartzes in the unstrati- 
fied, superficial loams furnishes no real support for the theory of 
a glacial man. 

In the study of this site, three problems have come up for 
consideration, first, is there evidence of human occupation of this 
locality early in the gravel-forming era as deduced by Miss Bab- 
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bitt from the discover}' of worked quartzes along the base of the 
terrace? second, is there evidence of man's presence at the close 
of the glacial epoch, as indicated by the occurrence of art forms dis- 
tributed through the surface loams? and third, is there evidence 
that the art or any part of the art attributed to either of these 
horizons is paleolithic? All of these questions may be answered 
emphatically in the negative. It is clear from the facts pre- 
sented in the preceding pages, that had a thoroughly careful and 
well directed study of the phenomena of the site been made in the 
first place, the first and last of these questions need never have 

arisen. 

The mistakes made by Miss Babbitt are precisely such as others 

have made through taking up investigations in the geologic depart- 
ment of archeologj' without adequate knowledge either of the pro- 
cesses and phenomena of geology or of the arts and habits of our 
aboriginal peoples. It is manifestly easier to explain the puzzling 
phenomena of prehistoric archeology in America by current theo- 
ries borrowed from foreign sources, than to attribute them to con- 
ditions and causes of which no knowledge has been acquired. 
Like mistakes are made to some extent by all students and at all 
stages of progress in research, and it must be regarded as a dut}' 
rather than as a charity to pass lightly over all such shortcomings 
in the work of genuine investigators; at the same time our high- 
est duty is to science, and vital errors, no matter what their origin, 
should be unhesitatingly pointed out, and expunged from the rec- 
ords. 

In closing, it may be stated with entire confidence that there is 

no available evidence of either a paleolithic man or glacial man 
in any part of the upper Mississippi valley. So far as my own 
observations and interpretations go, the vestiges of early man in 
Minnesota are confined exclusively to ordinary traces of Indian 
occupation. Considering the facts observed at Little Falls, and 
all the known ethnic phenomena of the region, this conclusion is 
so simple and natural that it ought to stand unquestioned until 
positive proofs to the contrary, proofs not yet foreshadowed, are 
brought forward and subjected to the tests of science. 
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PLEISTOCENE PAPERS READ AT THE OTTAWA 

MEETING OF THE GEOLOGICAL SOCIETY 

OF AMERICA. 

Eskers near Rochester, N. Y. By Warren Upham. A very 
remarkable esker, called the Pinnacle hills, extending about four 
miles in a west*soathwest coarse on the southeastern border of 
the city of Rochester, and another esker series several miles 
farther southeast in Pittsford, were described in this paper and 
attributed to deposition by streams flowing down from the melt- 
ing surface of the ice-sheet during its departure, their channels 
having been enclosed on each side by ice and open above to the 
sky. The material of these eskers, which was shown to have 
been englacial, is chiefly gravel and sand, but also comprises in 
some parts of the Pinnacle hills very abundant and large boulders, 
up to ten feet in diameter, some of which are lifted 200 feet or 
more above their sources within a few miles on a nearly plain 
country. The near origin of the Niagara limestone boulders in 
these hills was noticed in their earliest description, which, with 
the figure of a section, was published by Prof. James Hall fifty 
years ago. Probably no other locality has afforded so definite 
proof of transportation of drift into the lower part of the ice- 
sheet by currents having a considerable upward movement from 
a flat tract; but the angle of ascent may have been no more than 
one degree, or 92 feet per mile. An article by Mr. Charles R. 
Dryer, on the glacial geology of this region, with a map showing 
these eskers, is in the American Geologist, for April, 1890. 

President Gilbert and Secretary Fairchild spoke briefly, in 
discussion of this paper, concerning their observations of the 
peculiar structural features of the Pinnacle hills, for which no 
detailed explanation had been previously attempted. 

Comparison of Pleistocene and Present Ice-sheets. By Warren 
Upham. The Pleistocene ice-sheets of North America and Europe 
were compared with the now existing Malaspina, Greenland, and 
Antarctic ice-sheets, as to their areas, surface slopes and probable 
thickness, rates of erosion and ablation, sub-glacial and englacial 
drift, and manner of deposition of the various drift formations. 
The Malaspina glacier or ice-sheet, covered on its wasting borders 
by much drift and growing forests, is believed to afford explana- 
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tions of forest beds between deposits of till, and of the pecaliar 
drift aceamulations named dnunlins (as shown in the American 
Geologist for December, 1892), both being attributable to stages 
in the general recession of the North American ice-sheet when 
increased snowfall and onflow of the ice slackened its retreat or 
caused it temporarily to re-advance. Under this view, the Ice 
age seems probably to have comprised only one great epoch of 
glaciation, with moderate oscillations of the ice-front, and to 
have been geologically brief. The length of the Post-glacial 
epoch, according to N. H. Winchell, Gilbert, Andrews, Wright, 
Prestwich, Mackintosh, and others, has been only about 6,000 to 
10,000 years. In Europe Prof. James Geikie has shown that 
men had reached the neolithic stage of their development before 
the ice-sheet of Denmark and Scandinavia had vanished; and 
similarly in California neolithic implements, probably contempo- 
raneous with the Ice age, are found in gravels under the lava of 
Table mountain. Other discoveries of stone implements, mostly 
of palaeolithic types, and of the flakes formed in their manufact- 
ure, have been made by Dr. Abbott and Profs. Putnam and 
Shaler in the late glacial gravels of Trenton, N. J. , by Mills and 
Metz in Ohio, by Miss Babbitt in Minnesota, by Tyrrell in a 
beach of the glacial lake Agassiz in Manitoba, and by McGee in 
the sediment of the last great flood of the Pleistocene lake 
Lahontan. Great elevation of the glaciated countries is believed 
by the author to have been the chief cause of the Ice age, and 
the pre-glacial uplifting probably occupied a longer time than the 
glaciation; but both may be well referred, as by Hilgard and 
Spencer, to the Quaternary era, which also, according to Dana and 
Sir Archibald Geikie, should be considered as extending to the 
present time. With this definition, the Quaternary era may com- 
prise about 100,000 years. 

Mr. McGee, in discussion, doubted the reference of the ice 
accumulation to high altitude of the land, and spoke of re- 
cent studies by Mr. W. H. Holmes at Trenton, N. J., who 
supposes all the evidences of man's presence there to be post- 
glacial. 

Dr. A. R. C. Selwvn thought that the Pleistocene and present 

ce-sheets are most readily explained by changes in the course 

and volume of marine currents, and that glacialists should take 

into account various concurrent causes for the glacial climate 
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and diverse processes in different regions for the formation of the 
glacial and modified drift deposits. 

Prof. Wright remarked that Dr. Abbott in examining exten- 
sive railway excavations of the Trenton gravel had far more 
opportunity for the discovery of implements than Mr. Holmes in 
his recent observations, and that Prof. Putnam in several days' 
search found five stone implements there in the undisturbed 
glacial gravel. The implements found in Ohio by Mr. Mills and 
Dr. Metz are also entirely conclusive testimony of the presence 
of men contemporaneous with the departure of the ice-sheet. 
Any artificial flakes of stone, and ^ ^quarry rejects'' or failures, 
are quite as good proofs of man's presence as finished imple- 
ments. 

Prof. Salisbury would restrict the term englacial drift to the 
material borne along in the central and upper portions of the ice- 
sheet, which was scanty and of distant origin, while the basal 
portion of the ice contained much drift from near sources. He 
concurred with Mr. McGee in doubting the testimony which has- 
been supposed to establish the existence of man on this continent 
during the Glacial period. 

The post-glacial outlet of the Great Lakes through Lake Nipis- 
sing and the Mattawan River, By G. FREDERICK Wright. 
Following the suggestion of Mr. Gilbert in his paper on the * *His- 
tory of the Niagara River," that the northeastward depression of 
the northeastern United States and the eastern provinces of 
Canada at the close of the Glacial period probably caused an out- 
flow from lake Huron for some time by way of lake Nipissing 
and the Mattawan into the Ottawa river, Prof. Wright had dur- 
ing the past summer examined the course of the supposed outflow 
and found good evidence that it was a fact. Trout lake, at the 
head of the Mattawan river, is only three miles from lake Nipis- 
sing and is 20 feet higher; and the swamp on the divide between 
them is 20 feet, or less, above Trout lake, or about 100 feet 
above lake Huron and Georgian bay. On the north side of thi» 
swamp, a beach line or terrace was traced all the way from lake 
Nipissing to Trout lake, and is regarded as the level of the former 
outflow. The Mattawan in its length of about 30 miles descends 
some 200 feet, and on the south side of its mouth a terrace 80 
feet above its junction with the Ottawa bears a surprising pro- 
fusion of boulders of all sizes up to 20 and even 30 feet in 
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diameter. These boulders the author thought to have been swept 
down the Mattawan valley by a powerful river outflowing from 
lake Huron, as the debacle of discharge from lake Bonneville 
brought a similar multitude of boulders to Pocatello^ where it 
entered the broad Snake river valley. 

In discussion, President Gilbert stated that he had examined 
this divide and the course of the Mattawan to lake Talon, finding 
the avenue of drainage to consist largely of boulders, with scarcely 
anv till or stratified l)eds. 

Dr. Bell thought that all the reported observations fall far 
short of proving an outlet from Lake Huron to the Ottawa. The 
tract of so plentiful boulders at the mouth of the Mattawan he 
considered as part of a morainic belt. 

On certain features in tike distribtttton of tJie Columbia formcUion 
on the middle Atlantic slope. By N. H. Darton. This paper, 
read in the absence of the author by Mr. McGee, directed atten- 
tion to evidences of an interval of erosion between the two divis- 
ions of the Columbia formation in Maryland and northward to 
New Jerse}'. The lower division comprises beds of loam and fine 
and coarse gravel, all of which enclose occasional ice-borne boul- 
ders; and the upper division, more rarely containing boulders, con- 
sists chiefly of loam or clay, resembling loess, to which the name 
Philadelphia brick clay was given by Lewis. Both parts are re- 
ferred to estuarine deposition, and the interval of emergence and 
erosion dividing them is thought to correspond to the inter-glacial 
epoch and forest bed of Iowa between deposits of till, which ap- 
pear correllative with these lower and upper parts of the Colum- 
bia formation. 

Mr. Upham, in discussion, thought the Columbia gravel and 
loam to be not marine or estuarine sediments, but the deposits of 
river floods bearing ice-rafts when the land in the early part of the 
Glacial period was higher than now, with much greater supply of 
detritus and of water from rains and snow melting each spring 
and summer. 

^ote on the geology of Middleton Island^ Alaska. By Georoe 
M. Dawson. (The author being absent, this paper was read by 
Mr. R. VV. Ells.) On Middleton Island, situated near the verge 
of the submarine continental plateau, about 50 miles distant from 
the coast, typical till is found, enclosing abundant argillite frag- 
ments and broken marine shells. A microscopic examination also 
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i-eveals sponge spicales and several species of foraminifera. This 
island is apparently a part of a moraine of the continental ice- 
sheet, the shells and foraminifera being brought from the sea 
bottom between it and the mainland. The intervening water is 
from 30 to 50 fathoms deep, but when the ice-sheet was being 
formed and plowed up its drift, the region was probably much up- 
lifted. Similar till containing shell fragments occurs also on the 
<jueen Charlotte islands. 

Mr. C. W. Hayes, discussing this paper, mentioned his obser- 
vations of wave-cut terraces 30 feet above the sea on islands in 
Prince William sound, opposite to Middleton island, which show 
that for a long time following the glaciation of this part of Alaska, 
the land has stood so much below its present hight This also 
agrees with the conclusions of Dr. W. H. Dall, that mainly the 
•coasts of Alaska and of Bering strait are now slowly rising. 
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*The writer wishes to acknowledge his indebtedness to Prof. W. M. 
Davis, of Harvard college, for help and suggestions received during the 
preparation of this paper. 



246 751^ American Geologist. April, isoa: 

turbances as have characterized the region of the Appalachians on 
the east, or the Rocky mountains on Ihe west All changes seem 
to have been of the nature of continental elevation or subsidence, 
affecting wide areas. The principal effect of such movements 
upon rivers flowing over approximatelj' horizontal rocks would be 
to increase or diminish their power of erosion with their greater or 
less elevation above base -level. Their courses would not be 
altered. It is therefore not improbable that the courses of the- 
larger rivers and the general direction of the drainage of the area 
was determined at the time of the first elevation of the land above- 
the sea at the close of Carboniferous time, and that this drainage 
has been maintained ever since. The drainage which was insti- 
tuted when the interior basin first became dry land will be consid- 
ered, and the courses that the streams then took determined, as 
far as possible. If the present courses of the streams correspond 
with these h3^pothetical original courses, the similarity' may be ex- 
plained by considering the first streams to have preserved their 
first courses. They will then be original or consequent streams. 
If there is a lack of correspondence between the two, the cause 
and date of the change from the supposed original courses must 
be considered. 

During Paleozoic time the region of the Mississippi valley was- 
occupied by a broad interior sea. bounded by land masses on the- 
north and southeast Sediments were brought down into this 
basin from either side. Sands and gravels were deposited near 
shore, finer muds at a distance, while the center of the basin was 
the scene of the accumulation of widespread limestone deposits. 
During Carboniferous time the sea shallowed, and its bottom over 
much of the area was near sea level. At times vast swampy for- 
ests grew over newl}' emerged flats, only to be buried beneath the 
mud and sand of a later subsidence. 

There was of course no drainage while the area was under water. 
The drainage of the swamps of the coal period must have been 
very sluggish and is so little known that it cannot be considered 
here.* But it is comparatively easy to picture the conditions 
which must have existed over most of the area after the Appal- 
achian disturbance. The Paleozoi'; rocks had been crumpled into 
mountain elevations along the Appalachian region. These folds- 
died away to the west where the Carboniferous deposits formed a 

*See Missouri Geological Survey. Report on Coal, 1891, pp. 24-5. 
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new and level plain sloping gradually away to the northwest. This 
slope was probably greater than the slope of the beds as they were 
deposited, for the beds doubtless shared more or less in the eleva- 
tion which had taken place on their southeast margin. The drain- 
age of this elevated mountain region would extend itself across 
this plain to the northwest, the direction of flow being deter- 
mined by the slope of the surface. The crj'Stallines of Canada 
and the Paleozoic sediments which had been forming in the sea 
south of them appear to have been elevated at about the same 
period, so that the whole of the eastern Mississippi basin became 
dry land. Whether the Canadian uplift was of continental extent 
and the present dip of the stratified rocks is merely the slope of 
the old Paleozoic sea bottom, or whether there was a differential 
uplift by which the northern portions were more elevated than the 
southern, is not known. In either case there would be a south- 
ward slope from the crystallines over the newly emerged plain. 
The southward drainage from the Canadian highlands and the 
northwestward drainage from the Appalachian region would unite 
and form a trunk stream flowing westward and occupying the posi- 
tion of the present Ohio. The Archean area of Wisconsin, which 
existed as an island in the old Paleozoic sea, formed a more or 
less elevated nucleus after emergence, with Paleozoic strata sloping 
away from it in all directions; and the drainage of Wisconsin 
would consist of streams flowing out radially from its Archean 
<;ore. The outlet of all these streams, — of the trunk stream drain- 
ing the Canadian and Appallachian regions, of the westward flow- 
ing streams from the Archean area of Wisconsin and from the 
Archean area to the north in Minnesota and British America, — 
would be to the west, discharging into a Mesozoic sea, the limits 
of which have not been determined. 

It is now necessary to compare this hypothetical post- Carbonif- 
erous drainage of the eastern Mississippi basin with the present 
drainage. If the two are found to agree in whole or in part, that 
part of the present drainage which corresponds with the hypothet- 
ical post-Carboniferous drainage may be considered to have been 
•determined in its general direction at the time of the Appalachian 
uplift Where lack of correspondence between the two exists, the 
differences will be examined in detail. 

Comparing the present with the supposed post-Carboniferous 
■system, the rivers south of the Ohio are seen to flow northwest in 
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both cases. North of the Ohio and south of the St. Lawrence 
basin the direction is south in both instances. In Wisconsin the 
drainage is radially out from the central Archean area. The pres- 
ent drainage of the eastern Mississippi basin is therefore in the 
main that which may be assumed as the original consequent drain- 
age of the region when the land was first elevated above the sea. 
In the absence of any evidence to the contrary, the most probable 
explanation of the coincidence is that the river courses in these 
parts of the Mississippi basin have remained in general unchanged 
since Permian time. The}* are here considered original or conse- 
quent streams. 

2. Adjustments of tJie post- Carboniferous drainage. There are 
however several important differences between the hypothetical 
post-Carboniferous drainage and the present drainage, in which 
the present streams cannot be explained as original streams. They 
are as follows : — (a) The St. Lawrence drainage, (b) The drain- 
age of the Silurian areas of Tennessee and of Ohio, t. e. of the 
Tennessee and Cincinnati anticlinals. (c) The course of the upper 
Mississippi, (d) The course of the lower Mississippi. These de- 
partures will now be considered. 

(a) The St. Lawrence drainage. The most marl^ed departure 
from the presumed post-Carboniferous drainage, is the drainage 
of the St. Lawrence Basin. The earliest consequent drainage of 
this area must have been southward from the crystallines of Can- 
ada to the Ohio. But the great drainage lines of the St Law- 
rence basin, which are occupied by the great lakes and the rivers 
connecting them, are structural valleys developed along the strike 
of the softer members of the Paleozoic formations and at right 
angles to the slope of the original surface. This structural con- 
trol of the drainage shows of itself that the present arrangement 
s not the consequent arrangement of the streams, but that it is 
an arrangement which was effected after the land had been long 
elevated above the sea. The streams had then had opportunity to 
cut down into tlie underlying strata and had slowly adjusted them- 
selves to the differences in hardness and structure which they 
there discovered. 

The cause and date of this change from the early consequent 
to the later subsequent drainage in the St. Lawrence basin have 
not been definitely determined. It is probable that the adjust- 
ment was effected during that long interval between Permian time 
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and the commencement of the Cretaceous cycle of which there is 
little record in the Mississippi basin. During this time the drain- 
age was changed from the first condition in which the streams 
flowed down the slope and across the strike of the beds, to a con- 
dition where they followed the softer members of the Paleozoic 
rocks. 

It is probable that the change in outlet from the Ohio to the 
St Lawrence was etfected at a later date and was one of the re- 
sults of the elevation and tilting of the Cretaceous base-level, which 
will be considered later. After the general surface of eastern 
America had been reduced to a lowland under the action of long- 
continued erosion, a slight tilting of this lowland would be suffi- 
cient to divert a part of the Mississippi drainage northward 
through the lower St. Lawrence. If lake Michigan and lake Erie 
drained southward into the Ohio previous to the glacial period, 
the final completion of the present St. Lawrence drainage was not 
effected until the close of the ice invasion. 

(b) The drainage of the Cincinnati and Tennessee anticlinals. 
In the discussion of the post-Carboniferous drainage two similar 
important structural features of the Mississippi basin were left 
out of consideration. These were the Cincinnati and Tennessee 
anticlinals, as they have been called. If these two regions were 
to have a surface form like that indicated by the geological struct- 
ure, there would be a broad low dome over central Tennessee and 
a similar but much larger elevation over parts of Kentucky, Ohio- 
and Indiana. If such elevations did exist they are ignored by 
the present Ohio and Cumberland rivers which cut directly across 
them. 

The most probable explanation of this apparent peculiarity is 
that the anticlinals never existed as surface elevations at any 
time subsequent to the Appalachian elevation. Some consider- 
able part of the arching of the strata took place during Paleozoic 
time, previous to the Appalachian uplift. The direction of the 
axis of disturbance is not parallel to the Appalachian axis of 
disturbance, but is more nearly north and south, suggesting an 
independent disturbance. There are evidences that during Pale- 
ozoic time shallow water or land conditions prevailed along the 
axis of uplift in Tennessee, Kentucky and Ohio. Ripple marks 
occur in the Devonian Black Shale in Ohio. Going south from 
lake Erie to Tennessee the Devonian and Upper Silurian succes- 
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lively become thinner and finally disappear, indicating that a land 
area existed in Tennessee and Kentucky in middle Paleozoic time 
which during a considerable period was gradually extending itself 
northward. The present anticlinal dip of the strata appears to 
be due to an elevation of middle Paleozoic date. Erosion in 
middle and late Paleozoic time was doubtless effective in remov- 
ing a large part of the original constructional ineciualit}'. If then 
this low land mass had been slightly submerged during Carbonif- 
-erous time and covered with a thin veneer of Carboniferous rocks, 
and had then been elevated with the rest of the interior basin, 
the post-Carboniferous drainage would have followed thQ course 
of the present Ohio and Cumberland rivers, directly across the 
underlying structural anticlinal, and at a later date would have 
discovered the concealed diversity of rock structure. The course 
of the Ohio and Cumberland rivers would be consequent upon the 
slope of the newly emerged land surface. In that part of their 
courses lying across- the Cincinnati and Tennessee anticlinals, the 
rivers are superimposed on the underlying rocks from a cover of 
Carboniferous strata which have been completely removed. 

(c) The upper Mississippi, The course of the Mississippi along 
the western border of Wisconsin affords another example of de- 
parture from the supposed post- Carboniferous drainage. Instead 
of flowing down the dip of the rocks to the southwest it follows 
the strike to the southeast. The original drainage of the area 
must have been southwest into a Mesozoic interior sea, and this 
drainage must have been maintained until the end of Cretaceous 
time ; for during the Cretaceous period the interior sea reached 
almost as far east as the Mississippi. The elevation of the plains 
inaugurated a new condition of drainage. The elevation of the 
plains on the west and of the Appall achian region on the east 
which marked the close of the Cretaceous period, left a broad 
north* and south depression which determined the course of the 
drainage of the northern part of the Mississippi basin, and the 
npper Mississippi dates from that elevation. 

{d,) The Lower Mississippi, There is good reason to believe 
that the course of the main post-Carboniferous drainage line of 
the interior was not, as it is now, south from the mouth of the 
Ohio, but rather west, through Missouri and Arkansas. The axis 
of the trough which was formed between the Canadian and 
Appalachian uplifts would lie to the southwest, through Missouri 
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and Arkansas, —a continuation of the line of the present Ohio, — 
and it would seem as if the post- Carboniferous drainage of the 
interior would have discharged along this line. 

Positive evidence for such a discharge is not wanting. Folded 
Paleozoic rocks occur in the Novaculite region of central western 
Arkansas* under conditions which pretty definitely show them to 
be a continuation of the Appalachian folding to the east. Siluri- 
an and Carboniferous rocks are embraced in the folding and the 
structure is closely similar to that of the folded Paleozoic rocks of 
the Appalachian region. The folds are closel}' appressed on the 
south side and flattened on the north side of the area, showing a 
pressure acting from the south. The prevalence of shales on the 
north side and of sandstones on the south side of the region indi- 
cates a derivation of material from the south. In these last two 
respects the Arkansas region resembles the Appalachian. The 
general trend of the folding in the Novaculite area is toward the 
east, — toward the point where the Appalachian folds disappear be- 
neath the gulf Cretaceous. These facts clearly indicate a west- 
ward continuation into Arkansas of the Appalachian folding and 
elevation. In post-Carboniferous time a mountain barrier in all 
probability' extended from New York to Arkansas, precluding the 
possibilit}' of a southward discharge of the interior drainage b}' its 
present outlet, and compelling its discharge to the west, through 
Missouri and Arkansas. This may be taken as the probable direc- 
tion of the main drainage line of the interior basin in post-Carbon- 
iferous time. 

The change to the present southward drainage seems to have 
taken place at the end of the Cretaceous period. By that time 
the App9.lachian mountains had been reduced nearly to base-level 
and probably existed as a low and nearl}' obliterated divide. 
When the elevation of the Cretaceous base-level occurred, the 
streams would have followed any troughs produced b}' the 
warping of the old lowland. The elevation of the Appalachians 
on the east and the plains on the west resulted in producing a 
broad north and south depression in the present Mississippi valley 
and in reversing the courses of those streams which had been flow- 
ing westward into the Mesozoic sea. But, perhaps, more impor- 
tant than tlie elevation of the plains in diverting the interior 

*Geol. Survey of Ark., Ann. Rept., 1890, vol. iii. Novaculitos, by L. 
S. Griswold, pp. 212-214. 
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drainage southward was the actual depression of the Cretaceous 
base-level across the lower course of the present Mississippi river. 
Here the base- level was depressed below sea level and the drainage 
of the interior found an eajsy outlet to the south. Since that time 
the Mississippi has been gradually extending its mouth southward. 

II. The Cretaceous Cycle, 

1. The Cretaceous Cycle. The earliest topographic feature of 
eastern North America dates from the close of the Cretaceous. * 
It comprises the remnants of the plain to which long continued 
erosion of Mesozoic time had reduced the land surface. At the 
commencement of Tertiary time this lowland was raised and be- 
came an elevated upland plateau. 

Two difficulties are met in the attempt to trace this elevated 
Cretaceous base-level across the Mississippi basin. First, erosion 
appears to have obliterated almost all evidence of it on the soft 
paleozoic rocks of the interior, and it is only on the borders of 
the region, where the rocks are prevailingly hard sandstones and 
conglomerates, that successful search for it may be expected. 
Second, over a large part of the Mississippi basin the topography 
of the underlying rock surface is concealed beneath a monotonous 
mantle of glacial drift. 

2. The Cretaceous Cycle in Kentucky and Tennessee. Remnants- 
of the Cretaceous base-level occur in Tennessee and Kentucky. 
Among the mountains of North Carolina evidence of the elevated 
Cretaceous base-level is found by Willis, t The mountains rise a 
few thousand feet above the plateau and some of the valleys are 
cut several hundred feet below it, but to a person standing at the 
same elevation with the plateau, its plateau character can be dis- 
tinctly seen. The considerable elevation of the mountain sum- 
mits above the plateau in this district is due to the greater hard- 
ness of the rocks which did not permit their being reduced to 
base-level before the elevation which closed the Cretaceous Cycle. 
Northwest of the Carolina mountains lies the broad valley of the' 
East Tennessee river, which was excavated during Tertiary time. 
On its eastern border, the generally even crest-line of Pine mount- 
ain, with an average elevation of 2, 000 feet probably marks the 

*See Bull. Geol. Soc. America, vol. 2, pp. 541-586. The Geological 
Dates of Origin of Certain Topographic Forms on the Atlantic Slope^ 
of the United States, by W. M. Davis. 

fNational Geographic Magazine, vol. i, 1889, pp. 291-300. 
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outcrop of the Carboniferous conglomerate upon the old base- 
level. Beyond the valley of the East Tennessee rises the Cum- 
berland table- land, with an average elevation of 1,900 feet. The 
fact that its surface consists of the bevelled edges of strata of 
different hardness, shows that it is a plain of denudation. It is 
another remnant of the old base-level. It is a direct extension 
southward into Tennessee and Alabama of the plateau of western 
Pennsylvania, which has been identified by Davis as a part of 
the Cretaceous base- level. The western edge of the Cumberland 
table-land is bounded by an abrupt descent to a second plateau, 
which has an average elevation of 900 feet, and which extends to 
the west, completely encircling the central lowland region of Ten- 
nessee, as far as to the Tennessee river and a short distance be- 
yond. This plain has been termed by Safford* <*the highland 
rim of middle Tennessee.'' On the west this plateau runs be- 
neath Cretaceous beds. The relative straight line of contact 
between the Cretaceous rocks and the Paleozoic rocks which 
compose the highland rim, and the fact that west of the line of 
contact no Paleozoic rocks are seen projecting through the Cre- 
taceous cover shows that the Cretaceous beds were deposited 
upon a comparatively level surface. This level surface appears 
to be a part of the Cretaceous base-level which has already been 
recognized in the Cumberland table-land and among the Carolina 
mountains. A' gradual rise from the western to the eastern pari 
of the old btise-level would be expected. Such is not the case. 
The two paits are not continuous, but there is an abrupt clifT 
separating the Cumberland plateau from the highland rim, of 
which the western edge has been considered a part of the Cre-- 
taceous base-level. The most probable explanation of the separa- 
tion of the two parts is that which attributes it to later erosion. 
The elevation of the Cretaceous base-level at the end of Creta- 
ceous time has permitted Tertiary erosion to cut out at a lower 
level a structural plain upon the hard siliceous sub-Carboniferous 
bed which forms the floor of the highland rim. The siliceous 
sub-Carboniferous rocks were the surface rocks of the Cretaceous 
base-level in western Tennessee, hence the Cretaceous base-level and 
the structural plain are identical there, where the Paleozoic rocks run 
beneath the Cretaceous. But in middle Tennessee the siliceous 

*For a description of the physical features of Tennessee see Safford, 
Geology of Tennessee, pp. 21-125. 
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sub- Carboniferous beds were far below the Cretaceous base-level 
and after elevation Tertiary erosion removed the overlying lime- 
stone and shales down to the level of the siliceous beds, beneath 
which it did not go. The result was the separation of the old 
base-level into two parts, one represented by the Cumberland 
tableland, the other by the part 'of the highland rim where it 
runs beneath the Cretaceous. 

3, The Cretaceous Cycle in Wisconsin, Throughout most of the 
area northwest of Tennessee and Kentuckj', the surface configur- 
ation of the older rocks is concealed beneath a heavv mantle of 
drift. But over a considerable area of Wisconsin and a small 
part of the neighboring states, no drift deposits occur and the rock 
topograph}' is visible. The general physical features of southern 
Wisconsin* embrace a widely' opened lowland, trenched by water 
courses, and with remnants of a higher land mass rising above 
the general lowland and forming the inter-stream divides. The 
trenching of the general lowland, from analogy with similar work 
elsewhere, appears to be the work of Post-Tertiary erosion. The 
development of the general lowland took place during Tertiary 
time. The hills rising above the general lowland are the last 
remnants of the elevated land masshpon which erosion commenced 
at the beginning of Tertiar}* time. Whether the hight of these 
remnants represents the full altitude to which the land was ele- 
vated at the beginning of Tertiary time or whether erosion has 
everywhere reduced the countr}' to a greater or less amount below 
the uplifted Cretaceous base-level, has not been determined. In 
any event, these higher masses represent nearly destroj'ed rem- 
nants of the Cretaceous elevated base-level; and even these rem- 
nants are probably not the full measure of the altitude assumed 
by the old lowland after its elevation at the end of the Cretaceous 

period. 

Jf.. The Cretaceous Cycle in Minnesota. The Cretaceous de- 
posits of the plains reach eastward as a continuous sheet, to about 
the western border of Minnesota, t But at numerous localities in 
Minnesota, some almost as far east as the Mississippi river, iso- 
lated patches of Cretaceous occur beneath the drift, resting upon 
the underlying rock surface. These deposits are found along 

*See U. S. Geol. Survey. Sixth Annual Report 1884 5. The Driftless 
Area of the I'pper Mississippi Valley — T. C. Chamberlain and R. I). 
Salisbury, pp. 221-239. 

fGeol. of Minnesota, Final Report, vol. i, pp. 431-439. 
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the stream lines, probably because the thick sheet of drift every- 
where conceals the underlying rocks, except along the rivers. 
The rocks upon which they rest are often seen to be an eroded 
land surface. These facts show that the surface of Minnesota 
was nearly base-leveled when the Cretaceous beds were deposited. 
The surface of southern Minnesota is mostly level prairie formed 
by the drift. The Minnesota river cuts a trench in this prairie 
125 to 200 feet deep, and in doing so cuts in places through Cre- 
taceous beds and into the underlying rocks. The surface of the 
rocks upon which the Cretaceous beds lie must therefore be nearly 
level. It could not have been much more uneven at the time the 
Cretaceous beds were deposited upon it than it is at present, for 
any erosion which would have lowered the inequalities must have 
completely removed all the overlying softer Cretaceous deposits. 
Southern Minnesota therefore is considered to have been a nearly 
base-levjeled country at the time that the Cretaceous deposits 
were laid down. The similarity between the present rock topog- 
raphy 'underlying the drift and the low relief of the land in 
Cretaceous time points to the conclusion that since Cretaceous 
time southern Minnesota has not been for any long period of time, 
much elevated above base- level ; consequently post-Cretaceous. 
erosion has not destroyed the Cretaceous base-level in the process 
of reducing the country a second time to base-level. 

J. The CrHacentts vycle in Arkansas. Evidence of the exten-. 

4 

sion of the Cretaceous base- level into Arkansas has been given 
by Griswold.* The higher ridges of the novaculite area west of 
Little Rock reach an average elevation of 2,500 feet, perhaps 
marking the altitude of the upland from which the present topog- 
raphy has been cut. ' * Still further south the ridge tops be-, 
come broader and the valleys shallower. The appearance of an 
upland plain becomes more marked as the elevation decreases 
southward and less opportunity is given for deep stream erosion. 
The southward sloping plain of Paleozoic rocks sinks below Cre- 
taceous or Tertiary strata and none of these older rocks are seen 
again south of the contact line, projecting through the later sedi- 
ments. This gives evidence that the Paleozoic strata of this re- 
gion had been worn down to a pretty level surface before the Cre- 
taceous strata were deposited. Thus we have altogether good 

* Geol. Survey of Arkansas. Ann. Report, 1890, vol. in. Novaculites 
by L. 8. Griswold, pp. 220-222. 
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evidence of a former base-level plain which is naturally less dis- 
tinct toward the north where subsequent elevation and denuda- 
tion have been greater." * 

6, Completion of the Cretaceous Cycle. The elevation which 
closed the Cretaceous cycle of development was of late Cretaceous 
or early Tertiary date. The occurrence of Cretaceous rocks un- 
conformably lying upon the elevated base-level at many points 
proves that the elevation could not have taken place until the end 
of Cretaceous time. 

The date of the completion of the process of base-leveling was 
not the same in all places, but varied according to the hardness of 
the rocks. In New Jersey t the base-leveling of the Triassic area 
was completed before the deposition of the Cretaceous beds, t. e. 
by the end of Jurassic time. The Cretaceous beds here over-He 
unconformably a plain formed of the beveled edges of inclined 
Triassic sandstones. The base-leveling of the harder crystalline 
rocks of the Highlands was not completed until the end of Cre- 
taceous time, for the material composing the Cretaceous beds was 
largely derived from the highland crystallines. Over the interior 
basin the rocks are relatively soft and the Cretaceous base-level 
appears to have been essentially completed before the deposition 
of the Cretaceous beds. The elevation of the base level, however, 
did not take place until the Cretaceous rocks had been deposited. 

The extension of the Cretaceous base-level over the eastern 
Mississippi basin has now been considered and remnants of it have 
been found in widely separated parts of the basin. Probably be- 
fore the close of the Cretaceous period the whole of the eastern 
Mississippi was a lowland plain close to base-level, except in the 
southern Appalachian mountain region where the country may 
still have had considerable relief. The direction of the stream 
courses by which this erosion was accomplished has already been 
considered in discussing the post- Carboniferous drainage. 

III. The Tertiary Cycle. 
/. The elevation of the Cretaceotbs base-level. At the close of 
the Cretac(30us or commencement of the Tertiary there was a 
general elevation and warping of the Cretaceous base-level over 

* 1. c, p. 221. 

fBulI Geol. Soc. America, Vol. 2. The Geological Dates of Origin of 
Certain Topographic Forms on the Atlantic Slope of the United States 
—by W. M. Davis, pp. 554-5. 
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the whole of eastern North America. The amount of elevation 
was not the same in different parts of the area. The plateau now 
stands at an elevation of 1,300 feet in western New England, 
1,600 feet in New York on the Hudson, and 2,500 feet in western 
Pennsylvania. These elevations represent in a general way the 
amount of Tertiary elevation and warping; for deformations of 
post-Tertiary date are of relatively small amount. South westward 
along the Appalachians the altitude of the plateau falls until in 
Georgia and Alabama it dips beneath the gulf Ci*etaceous and be- 
neath the sea level as well; so that across the lower Mississippi 
there was no elevation, but an actual subsidence. In the upper 
Mississippi valley lack of recognizable remnants of the old plateau 
prevent an accurate determination of the elevation, but the amount 
was less toward the Mississippi and in Minnesota was probably of 
very little account 

By the elevation and warping of the Cretaceous base-level im- 
portant changes were effected in the drainage of the eastern Mis- 
sissippi basin. The elevation of the plains turned the drainage of 
a large part of the interior toward the east. All the rivers which 
now cross the plains date onl}' from the earh' Tertiarj^, for during 
Cretaceous time the present area of the plains was beneath sea 
level. The Missouri and its tributaries are Tertiary rivers. The 
elevation of the plains on the west and the Appalachian area on 
the east formed a broad north and south depression which deter- 
mined the course of the upper Mississippi; and, aided by the de- 
pression of the base-level across the present course of the lower 
Mississippi, turned the main drainage discharge of the interior 
southward by its present course to the gulf. The Mississippi, 
therefore, also dates only from the commencement of the Tertiary. 

These changes in drainage were caused b}' the warping which 
accompanied the elevation of the old lowland rather than by the 
elevation itself. Upon rivers flowing over approximately horizon- 
tal rocks such as cover most of the Mississippi basin, the only ef- 
fect of elevation alone would be to increase the erosive power of 
the streams; it would not alter their courses. A differential up- 
lift or warping is necessary to cause a change in the direction of 
drainage courses. 

With the elevation of the Cretaceous base-level the rivers began 
to cut down to a new base-level and entered upon a new cycle of 
development. This is the Tertiary cj-cle of development. With 
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the exception of the cases already instanced, the rivers seem to 
have held the courses which they had had during Cretaceous time; 
at least there is no evidence of change from those courses. The 
movement of elevation embraced so wide an area that it did not 
affect the minor arrangement of the stream courses. The streams 
of the Cretaceous cycle were revived. Elevation gave them greater 
velocity and erosive power and they at once commenced to cut 
their channels to base-level and then to widen them out at that 
level. 

2. Tertiary work in Tennessee and Kentucky. The larger part 
of the topography of Tennessee and Kentucky was fashioned out 
from the Cretaceous base- level plateau during Tertiary time. 
The broad valley of the East Tennessee with an average elevation 
of 1,000 feet above sea level and cut a thousand or more feet be- 
low the surrounding plateau is a Tertiary valley. It is a direct 
southward continuation of the Kittatinny valley of New Jersey 
and Pennsylvania which is of Tertiary date. In western Tennes- 
see the Tennessee river has excavated during Tertiary time a 
broad deep valley similar to its valley in eastern Tennessee but 
not as deep, for the altitude of the plateau is not so great as in 
eastern Tennessee. 

A better illustration of the extent of Tertiary erosion is found 
in the central part of Tennessee. From the central lowland of 
Tennessee the strata dip away in all directions at low angles. If 
the strata which have been removed were to be restored the form 
of the surface would be a wide flat dome with its greatest eleva- 
tion over the center of the region. The capping of Carboniferous 
rocks over this region may originally have been of less thickness 
than over surrounding regions. Whether pre- Tertiary erosion 
sufficed to strip oflf this cover of Carboniferous and sub-Car- 
boniferous rocks and to expose the softer Silurian strata beneath 
is not known. In any event pre-Tertiary erosion must have con- 
siderably lessened its thickness and have made it easier for Ter- 
tiary erosion to complete its removal. The erosion of the present 
central lowland could not have been the work of Cretaceous time, 
for during Cretacedus time the base-level of the region was sev- 
eral hundred feet above the present surface. But after the ele- 
vation of the Cretaceous base-level and the establishing of a new 
base- level at a lower level, the streams soon cut through the 
thinned covering of Carboniferous and sub- Carboniferous rocks 
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to the soft Silurian limestone on which they then began to widen 
out the present lowland. At the same time that the central low- 
land was in process of formation, the shales and limestone were 
being removed from above the hard siliceous beds which form 
the rim of the central lowland region and a second and structural 
plain was being formed along the siliceous beds. This second 
plain is the < 'highland rim" of middle Tennessee, and is prin- 
cipally of Tertiary date, although reasons have been given for 
considering its western portion as a part of the Cretacc^ous base- 
level. 

S. Tertiary work in Wisconsin. The surface of the driftless 
area of Wisconsin is generally level and if we leave out of con- 
sideration the trenching of the lowland by the present streams it 
may be considered as a region in which the sUrface has advanced 
far toward topographic old age. The streams have not only cut 
down to base-level, but have widened out their valleys laterally 
forming wider and wider plains and causing the intervening land 
masses to recede until they have become dendritic ridges, or 
isolated hills, or have wholly disappeared. The general surface 
is a broad plain interrupted by remains of a higher land mass 
fvhich has been eroded away except along the divides. The ex- 
cavation of this lowland was accomplished during Tertiary time. 
Since then the region has been slightly elevated and the streams 
have deepened their channels and trenched the general lowland ; 
but this episode is of interglacial date and does not concern us 
here. Before this slight uplift the surface of the driftless area 
was that of a country approaching the close of a long geographical 
cycle in which it had been reduced to base-level except along the 
inter-stream divides. 

4.. Post' Tertiary Buh-cych. By the close of Tertiary time the 
softer rocks over many parts of the eastern Mississippi basin had 
a second time been base- leveled. The broad valley of the Ten- 
nessee river and the central lowland of Kentuckv and of Tennes- 
see and the level lowland of the driftless area of Wisconsin are 
the clearest examples of this lowland. In Minnesota the lowland 
of Tertiary time was the lowland of Cretaceous time. 

After the close of Tertiary time a small elevation occurred 
which left the drainage of much of eastern United States a greater 
or less distance above base-level. The streams at once began to 
cut below the lowland which had l)een the base-level at the end of 



260 754^ American Oeologist, April, i893 

Tertiary time. The resulting trenches can be recognized in man}' 
parts of the elevated region. The rivers of the middle Atlantic slope 
have cut trenches one, two or three hundred feet below the Tertiary 
base-level. The young narrow gorges of the upper Ohio and its 
branches cut into the earlier widel}' opened and mature valley's, de- 
scribed in Bulletin 58 of the Geological Surve}^ by Chamberlain, are 
probably of the same date as the trenches of the rivers flowing into 
the Atlantic. The trench of the lower Mississippi as well as the 
trench of the upper Mississippi and the narrow valleys of the 
rivers which trench the Tertiar}' lowland of the driftless area of 
Wisconsin appear to be also of the same date. 

This minor cycle can be recognized only along the larger rivers 
and along the lower courses of their tributaries. Remote from the 
main drainage lines and where Tertiary erosion had not reduced 
the river channels to base-level, the effect of elevation was simply 
to accelerate the rate of down-cutting; it was not expressed in any 
topographic feature of the valleys. 

The attempt will not be made to carry the history of the devel- 
opment of the Mississippi drainage beyond the point which has 
now been reached. The interesting and complicated effects of the 
ice invasion, which must be considered as but an accident in the 
Tertiary cycle of development, if touched on at all would form 
«o large a chapter that they cannot be embraced in the present 
discussion. 



THE CORRECT SUCCESSION OF THE OZARK 

SERIES. 

By 6. G. Broadhbad, State University, Columbia, Mo. 

The various members of tlie Ozark series, as described, de- 
flncd and numbered in the early geological reports of Missouri, by 
Swallow, Shumard and others, have been referred to frequently 
since by others, and the harmony and correctness of the earlier 
geologists have been acquiesced in by the later workers. In July, 
1891, the writer defined and briefly described ^^The Ozark Series." 
I have also called attention to the fact, notably in the ai*ticle just 
referred to, that the Ozark series seemed, both by fossils and lith- 
ologic characters, to be naturally separated from the Silurian 
above, and should probably be referred to the Cambrian, especially 
the terranes lying below the first sandstone, and the strata of more 
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•recent age than the porphyries should all be considered as belong- 
ing to the age of the Upper Cambrian. The first or Saccharoidal 
(St. Peters) sandstone, and the first Magnesian limestone may be- 
long to Lower Silurian, but there is not sufficient evidence on the 
subject 

The recent publication entitled * 'Iron Ores of Missouri," is in- 
teresting, and much of it instructive, especially the discussion of 
the distribution and nature of the ore deposits, which was the 
work assigned to the assistant. Thus far the work seems good. 
The pages treating of the physical geography of the Ozarks are 
also good. 

That part included between pages 93 and 115, and especially 
that from pages 106 to 115, it would have been much better to 
have omitted. A competent man should have corrected this and 
put it in proper form or else it should have been entirely omitted. 
Now, as these pages reflect upon the accuracy of the work of oth- 
ers, some of whom have passed beyond the Oreat River, I feel 
called on to enter a protest And without reflecting upon an}^ 
other part of the report I feel that I must correct the false impres- 
sion that peradventure might enter the minds of others. 

On p. 96 Mr. Nason informs us that the reasons of the early ge- 
ologists for separating the formations by sandstones are insuffi- 
cient This seems gratuitous, as he does not give those reasons 
nor has he sufficiently studied the fleld to be able to give an opin- 
ion. He dwells on the use of the word *« recognize." I do not 
consider that important, for evidently wherever the rocks are 
recognized they are also identified, but it was not considered 
necessary to use that word. He quotes from Shumard's report 
of Franklin, St Genevieve and Jeflferson, and yet from his own 
writings we would infer that he had not visited those localities. 
He tries to show that they are incorrect when he himself has not 
seen the rocks. He just seems to deny the correctness of Shu- 
mard's work on general principles. If Mr. Nason made a correct 
study of the iron ores, he had no time to devote to the geology of 
such an extensive field as he endeavors to enlighten us upon. 

The great Ozark series Prof. Swallow divided into a succes- 
sion of four limestones, separated by certain sandstones. Each 
member was fully described and afterwards identified by those 
that came after. The author of the Iron Ore report makes the state- 
ment that the first and second sandstones are one and the same, 
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(see p. 115). His report is accompanied by a series of nambered . 
sections on Piney river from Cabool to Arlington, and on the 
Gasconade from Arlington to G-asconade. I am not familiar with 
the region south of Arlington, but I have followed the Gasconade 
from the mouth of Little Piney to Gasconade. 

Suppose we assume the Missouri bluffs to be a base line. From 
Washington to Jefferson the series of rocks, in sight along the 
Missouri Pacific railroad, have been referred by all former geol- 
ogists of Missouri to the age of the second Magnesian limestone. 
They consist of a series of siliceous dolomites argillo-magnesian 
lime-stones, concretionary chert layers and some shale beds with an 
occasional lenticular bed of white sandstone, in all aggregating over 
100 feet in thickness and in some places reaching over 250 feet. 
One or two thin sandstone lavers ai*e here included but the lime- 
stones above and below are the well known beds of the second. 
Such a thin sandstone layer is seen half wa}* up the hill at Cham- 
ois and also between Chamois and the Gasconade, likewise in the 
bluff, at Hermann and a mile east. 

The first sandstone is not often seen west of Chamois. East of 
Chamois it is seen at a few places back on the hills, and at Gas- 
conade it is the highest rock, occurring near the hilltop and prob- 
ably over 250 feet above the base of the hill. A short distance 
below the Gasconade are found very large tumbled masses lying 
near the river. A few miles east it is found banded, pink and 
white. A mile back of Hermann it is high in the hills, but not at top. 
At the county line of Gasconade and Franklin it caps the hills, and 
at this place I obtained fragments of a large species of Orthocera- 
tite. All along the railroad the second Magnesian limestone 
is the lower rock, generally rising over 200 feet in the bluffs. At 
Graj^'s summit the Pacific railroad cuts through the first sand- 
stone, as it also does east of Pacific. Our section at Pacific would 

show: 

1st — Trenton limestone. 

2d— Black River beds. 

3d — First Magnesian limestone. 

4th — 100 feet of Saccharoidal sandstone. 

North of this, on the Missouri bluffs the first sandstone is well 
exposed. Crossing the Missouri river into St Charles county, 
it and its associated rocks both above and below are well exposed. 
At the county line of St. Charles and Warren the second Magnesian 
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limestone appears nearlj- 200 feet in thickness and is capped by 
the first sandstone. 

A section one-half mile east of Augusta shows the following: 

1— Beds of Lower Silurian— Black River limestone. 
2—94 feet of first Magnesian limestone. 

fa-1 foot of greenish white calca- 
.3 — .5 feet Beds of passage ] | reons oolite, 

between limestone above [ including b-1 foot soft yellow sandstone, 
and sandstone below. J c-1 foot drab oolite, calcareous. 

[d-3 feet brown calcareous oolite. 
4-130 feet of Saccharoidal sandstone — mostly white. 
5—2 feet of chert. 

<> — Second Magnesian limestone, with some chert and some beds of **cot- 
ton" rock. 

The beds of passage (No. 3) are also found at several places in 
Warren and Montgomery counties. On Charette creek in Warren 
county we find: 

1 — 25 feet of Lower Silurian— Black River beds. 
2 — 59 feet of first Magnesian limestone. 
3—70 feet of Saccharoidal sandstone. 
4 — 22 feet of second Magnesian limestone. 

Westwardlj' in Warren county the sandstone becomes thinner, 
becoming still less in Montgomery and occurring mostly in pock- 
ets farther west resting in eroded valleys of the second Magnesian 
limestone. On Loutre creek, near the mouth of Whetstone, 
the upper portion consists of about 3 feet presenting a columnar 
appearance perpendicular to the bedding plane very much resem- 
bling the sides of a piece of ice while melting. 

I have examined the Missouri bluffs at most of the outcrops of 
these on both sides of the river from St. Charles count}' 
to bej'ond Jefferson City and am satisfied with the correctness 
of my conclusions concerning them. The first sandstone is 
always soft and generally of a white color and remarkabl}'' pure, 
in silica generally over 99 per cent. At Crystal City, in Jefferson 
county, we find exposed 75 feet of tliis sandstone of a white color 
and soft consistency, and overlying it is the first Magnesian lime- 
stone. Nearly 200 miles north and at West Point, Illinois, the 
first sandstone lies along the river for a mile or more with about 
75 feet thickness exposed, while overlying it is the first Magne- 
sian limestone with scarcely any trace of fossils, and also about 75 
feet thick. Upstream a quarter of a mile the Black River lime- 
stone beds overlie the Magnesian limestone with Trenton limestone 
still higher containing typical fossils. 
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Prof. Worthen in the Illinois report speaks of this sandstone as 
the St. Peter's. Its position here and at other places just named 
is the same with reference to adjacent beds and it is also white 
and friable. I have also seen it occupying the same position 
and presenting the same characters at St Paul, Minnesota, wher& 
it is known as the St Peter's sandstone. 

During their work, the members of the first geological survey 
of Missouri were taught to be careful and to observe closely, to 
note every character pertaining to a bed or a formation. It was 
a school in which to make good stratigraphic geologists. We 
were directed to note every feature — to collect every fossil, and 
where fossils were wanting to correlate as nearly as possible, to 
follow a known stratum or bed and correlate it as wc would pass 
along. Constant practice of this kind made good workers, and in 
time made rapid workers. We did not wait for some other man 
to note different features, one man to collect a rock, another a 
fossil, another a mineral, another to measure, but each man felt 
it incumbent to do that work himself. In that, and no other way 
can a man become a good stratigraphical geologist The student 
of Archaean ix)cks often has not so much to guide him, yet he 
may find the older and newer rocks. In our work we noted all 
characters and found some fossils. The fossils of course are 
the most important aids. 

In the well at the insane asylum the material was brought up 
in a pounded condition, and although the divisions of strata could 
not be so sharply defined as in the cores brought up by a diamond 
drill, still it was possible to identify strata. In this study one of 
my keys was the white sandstone at about 1,400 feet from the 
surface, and it was easllj' recognized, for its character was similar 
and the thickness was 133 feet just the same as measured, at the 
outcrop near Augusta 35 miles distant The overlying materials, 
also approximately agreed in character and thickness. So the 
identification was satisfactor3% The well penetrated the palaeozoic 
rocks 3,843 feet, beginning in Lower Coal Measures and reaching 
probably to granite. The lower beds were of coarse brown sand- 
stone. 

The Second Sandstone. 

Near the mouth of the Osage we have over 150 feet of second 
Magnesian limestone which includes a few thin layers of white sand- 
stone. On the Osage at the mouth of Lake Branch the second 
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sandstone is seen. A little farther up stream it rises in the hilla 
and the third Magnesian limestone appears below. As we pass up- 
stream the rocks rise to the south and at the mouth of Proffit's creek 
the second sandstone is on the hilltop with the third Magnesian lime- 
stone below. The second sandstone is also found on Maries creek 
a mile from its mouth and is always a coarse grained rock, coarser 
than the firat and never so white; it is often a buff color with 
white specks sometimes ferruginous, and many iron ore beds of 
south Missouri are associated with it, as at the Meremec Iron 
works. It is the highest rock on the bluffs near Arlington where 
it rests on the third Magnesian limestone 180 feet above the 
valley. 

Some of Mr. Naaon's sections on the Gasconade in the Iron Ore re- 
port agi*ee with mine,buthehas failed to note the rocks at Mount 
Sterling, 20 miles south of Missouri river where we find that 
the third Magnesian limestone has dipped below the surface and 
soon the second sandstone also disappears dipping northwardly. 
At Fredericksburghyten miles south of Missouri river, the first 
sandstone appears, and at the mouth of the Gasconade it occupiea 
the hilltop with over 250 feet of second Magnesian limestone- 
below. The first and second sandstones are geologically everywhere 
over 250 feet apart. Yet in this report (p. 112) they are con- 
sidered to be the same!! That on the hilltop at Arlington is the 
second sandstone and it continues to occupy the same position 
along the Gasconade river in Maries county and nearly half way 
through Osage. 

The Third Magnesian limestone is found in the bluffs below the 
second sandstone and cannot be confounded with the second Mag- 
nesian. It occurs in much thicker beds, sometimes as much as 
20 feet and they are often (especially the thicker beds) of a del- 
icate flesh color. The upper beds are often coarse and of a gray 
color. Chert beds occur but not so often are they accompanied 
with shale as are those of the second Magesian limestone. Thick 
beds of limestone do occur near the base of the second Magnesian.. 

In sections opposite page 106 of Mr. Nason's report we find a thin 
bed marked ^'fossils" in nearly all of his sections up to No. 26, 
but strange to say it is omitted in 26,30 and 32, and in his written 
report he says nothing about fossils in those sections; yet in a 
subsequent article in the American Geologist he makes the state- 
ment that fossils are found in a stratum that has been followed all 
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aloDs: the Gasconade river below the sandstone. I have elsewhere 
stated that fossils do occur in cherty layers below the second 
sandstone. That is the position in which he found the fossils up 
to his Sec. 25. Now, he does not mention having found fossils 
in Nos. 26 and 30 and I suppose that they were not found. In 
his published report he says nothing of fossils at Gasconade in 
No. 32. But in his article in the American Geologist he does 
make such a statement. Now, I do not doubt that he or someone 
else ma}' have found fossils at Gasconade, but the layer in which 
they were found was one much higher geologically and belonging 
in beds referred to the second Magnesian limestone. There are simi- 
lar strata with fossils both in the second and third Magnesian 
limestone formations. The statement made that those near Arling- 
ton and Gasconade are identically the same he could not prove 
unless the connection was uninterrupted. From his own printed 
sections there must certainly be breaks of at least ten miles. 

The first and second sandstones occur in regular beds, often 
thick. Other sandstones which are thinner and are often lenticu- 
lar do occur interstratified with the Magnesian limestones as stated 
elsewhere. 

In that part of Missouri lying west of a line passing south from 
Cole count}', the first sandstone is not often found, except in 
pockets, and the fii*st Magnesian limestone is also seen at but few 
places. In Cole county just over the second sandstone we find a 
cellular siliceous rock, very much resembling a buhr stone. This 
has also ])een observed in Webster count}'. 

In southeast Missouri, chert bods are general!}' associated with 
the second sandstone, and they are often fossil if erous, as in Iron, 
Madison and Reynolds. These chert beds sometimes are over 100 
feet thick. 

On page 111 of the iron report, certain fossils are enumerated 
with Dr. Shumard referred to as authority, and he is made to re- 
port the occurrence in the first sandstone of certain fossils in the 
counties of Wright, Ozark, Miller and Pulaski.* Now, referring 
to Dr. Shumard's report on Pulaski, Shumard says, **that gaster- 
opods are found in the third Magnesian limestone," and says no- 
thing about thera in the sandstone. In the report on Wright 
county, Dr. Shumard mentions fossils only from the second Mag- 
nesian limestone, and says nothing at all about fossils from the 

*Sep Mo. Gpological Report, IH.'i.'i-?!. 
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first sandstone. In his report on Miller county Mr. Meek men- 
tions finding a few casts of fossils, including Huomphalus and 
other Gasteropoda, in chert beds and sandy layers of the second 
sandstone but names none fi*om the first sandstone, nor does 
Shumard an}- where say anything about fossils from Miller county, 
as stated by Mr. Nason. 

On page 111 we are informed that Shumard had obtained or re- 
ported an Orthoceratite from Maries county, with Straparallus 
smd Chemnitz ia from Ozark county and the pygidium of an Arion- 
elltu from Wright county; the author of the iron report says that 
Shumard affirms that these are from the first sandstone. Refer- 
ring to the geological report of 1855-1871, p. 10, we find that 
Broadhead and not Shumard (as Nason says) found what seemed 
to be the fragment of an Orthoceratite in Maries county. In 
Shumard's report of Ozark county (Rep. 1855-71), Dr. Shumard 
states that a few internal casts of Straparollus and Chemnitzia are 
found, but were too imperfect for accurate determination. In the 
same report Shumard mentions other fossils found in the second 
Magnesian limestone, and also states that he found fossils in the 
second sandstone and the third Magnesian limestone. 

Some fossils found in the second Magnesian limestone also are 
found in lower series, as Straparollus^ Murchisonia^ Chemnitzia. 
Dr. Shumard was too good a geologist and palaeontologist to make 
serious mistakes. He was thoroughly acquainted with the whole 
Ozark series. A specialist in a certain line, as a mining engineer, 
may be an excellent expert, but he cannot easily trace out the 
connection and sequence of beds. 

In the interior portion of south Missouri the Ozarks are pushed 
up, forming the flattened dome of the Ozark plateau and the sur- 
face strata are of the Ozark series. Within twenty miles of the 
Missouri the strata are found dipping northwardly. On the Mis- 
souri river bluffs, from the Osage to the east part of Franklin 
county, the strata along the south side of the river are all of Cam- 
brian age. We do indeed find a few residual fragments of Lower 
Carboniferous chert and fossils but no Silurran or Devonian. On 
the north side of the river the Ozark series is overlaid by Lower 
Silurian all the way from St. Charles county to Callaway. With- 
in ten miles north the Silurian is concealed by the overlying Lower 
Carboniferous, which is the surface rock, and the ridge dividing 
the waters flowing into the Missouri from those flowing into the 
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Mississippi is not so high by 100 to 200 feet as the Ozarks are 
twenty miles south of the Missouri. Mr. Nason's section at the 
mouth of the Gasconade shows that the bluffs there are 1 50 feet 
higher than the dividing ridge near Montgomery' Gitj^, and the 
country near Arlington and Rolla is as much as 300 feet higher. 
At Arlington the rocks belong to the Ozark series. At Jones- 
burgh to the Lower Carboniferous. 



ON A NATURAL FORMATION OF PELLETS. 

By J. A. Uddsk, Rock Island, 111. 

In McPherson county, Kansas, there are several outcrops of a 
stratum of volcanic dust occurring in presumably Pleistocene beds. 
(See Megalonyx Beds in Kanscut, American Geologist, Vbl. vii, 
p. 340). At the time this material fell, it settled in water on the 
bottom of a lake or of a wide river, which here occupied a de- 
pression running north and south. In one of the places where 
the dust is now exposed, it is seen to have fallen among sedges, 
or similar growths, in shallow water, and it was agitated b\' the 
waves, as it settled, thus becoming decidedly ripple-bedded. At 
this place there are to be seen imbedded, scattered in the deposit, 
a number of round white pellets. I purpose to describe these 
little structures, and to suggest an explanation of their formation. 

The deposit here is about five feet in thickness. The lower 
part of it is penetrated by hollow casts of sedges, which extend 
from one to two feet upwards from the bottom. Above this the 
deposit is ripple-bedded for at least two feet, but uppermost this 
bedding grows indistinct. The pellets are found in greatest abund- 
ance in the ripple-bedded horizon and none have been seen in the 
lower part of the dust They are mostly lodged in the thickest 
layers. (Fig. 1.) 

The pellets are spherical or lenticulai* bodies, ranging in size 
from one to five millimeters in diameter.* They are composed of 

*ln 32 specimens taken promiscuously, the different sizes are repre- 
sented as follows : 

Between .5 mm and 1 mm in diameter, 1 specimen. 
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the same material as that of the matrix in which they are lodged. 
Breaking them open they are aeen to have an oater denae crust and 
a loose, porous interior. (Fig. 2.) The thickness of the crust «t- 








Fig. 1. 

Fig. 1. Exposure ot (lie volcanic diut near tbe N. E. corner ot Sec. 14, T. 18 S., 
R 3 W., HcPlierson coantr. Kuieae. l.Soil: 2. iDdistinctlr ripple-bedded upper 
part of tlie deposit o( diut; 3, Ripple-bedded, witli pelleu: 4. Not ripple-bedded, 
anil with casta ot the leaves and atemi ol sedses; fi. Fine, joiuled clay. 

Fig. 2. A pellet. 

FliT. 3. Pla Ilea o( volcanic dost. A, Flake with abrauchlnsribon oneslde; B. 
Broken hoilon' sphere of volcanic slau. with a vertical plate (rib) on the ontaide: 
C. Praenient with cavities drawn oat Into fine tabes; D and E, Plain tnomeDta «I - 
broken spheres. 

erages in thirty specimens about one-seventh of the total diameter, 
but it varies from one-fifth to one-seventeenth of the same. As a 
rule it is uniform all around, but occasionally it is thicker on one 
side when the outer surface appears to bulge out Examined un- 
der the microscope it is seen to consist of pumice fragments of 
only the most minute size. A gradual change from tbe very finest 
material in the outer part of tiie crust to larger fragments on the 
inner side, can always be noticed. Occasionally tbe entire crost 
will separate into two or more concentric laminee. 

The interior of the pellets is filled with particles of large size, 
averaging considerably above that of the dust in which the pellets 
are imbedded, and loosely placed in the cavity of the crust without 
any particular arrangement They do not quite fill the space within 
the cruat In some cases unbroken hollow spheres of volcanic 
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glass were found in this interior, and hemispherical and concave 
fragments are not uncommon (Fig. 3, B). Very likely intact spheres 
were broken when the pellets were opened, for the material is ex- 
ceedingly brittle. 

The pellets give a peculiar and striking aspect to the rock, where 
they occur. The question promptly suggests itself; how were they 
formed? Being found only in that part of the deposit, which is 
thoroughly ripple-bedded, it is near at hand to inquire, if wave 
motion may not have produced them. Examining a sand-beach 
where the wind is throwing the waves against the shore, it may be 
noticed that the differential motion back and forth in the water 
close to the bottom, often rolls and turns over sand grains resting 
on the bottom. This rolling motion may be seen still better, if 
some lighter objects, such as small berries or seeds, or some soaked 
saw-dust, be thrown into the water. The wave current back and 
forth is quite noticeable half an inch above the bottom, but the 
water in immediate contact with the bottom is held by friction and 
is but very little affected b\^ the motion. An object resting on 
the bottom will have its lower side held by this comparatively inert 
layer in the water as well as by the friction against the bottom, while 
the upper part will be exposed to the impinging force of the cur- 
rent just above. When the force of this current is strong enough, 
the object will turn over and roll. 

It seems that in water holding a great deal of sediment, an ob- 
ject thus set rolling, might gather up around itself minute part- 
icles adhering to it. Especially would this be the case, if the ob- 
ject has a rough surface. Such agglomerations would eventually 
become buried in the sediments, where they formed. 

The reader will remember that this volcanic dust is composed of 
thin flakes, which are the fragments of hollow glass spheres, 
formed by the expansion of gases in the magma thrown out by a 
volcanic eruption. The flakes (Fig. 3) are very irregular in shape. 
Some of the original small hollow glass globes are still entire and 
may be separated from the rest of the dust by throwing it into 
water. The broken flakes will then sink, but the little entire 
spheres will float. When the dust fell a number of the entire 
hollow spheres no doubt floated on the water for some time, as 
they will do yet. The angular character of some of the glassy 
fragments must have caused them to become entangled with such 
floating spheres and thus to sink them. Most such dusters would 
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remain where they fell, but some may have had jast the right 
lightness and the right shape to be rolled over the bottom by the 
cun*ents in the water. Filamentous algse and other organic bodies 
may have helped to form them. Once started, such a cluster 
would pick up fragments that happened to lodge in the interstices 
among its particles, first larger ones and then smaller. Thus the 
pellet would grow and form a crust of finer material than that in 
the nucleus. 

If such is the correct explanation of the formation of these 
structures, similar ones may be looked for in other places, where 
there is evidence of wave motion and of rapid sedimentation (for 
it seems that both of these are requisite conditions), whenever the 
material is of such a nature that its particles are apt to get tangled 
up with each other. Thin flakes are evidently more apt to form^ 
clusters in this way than rounded grains of sand. It may be of 
interest to mention in this connection that pellets, apparently of a 
like kind, have been found in ripple-bedded places in the micace- 
ous shales, or sandstones, which make the famous fossil-bearing 
beds on Mazon creek, in Grundy county, Illinois. 

Augtutana College^ Rock Island, Ills. , Jan. 28, 1893. 
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A preliminary report on Ihe Coal Deposits of Missouri. By Arthur 
WiNSLOw, State Geologist. Geological Survey of Missouri, Jefferson- 
City, November, 1891; 326 pages. — This is the first of a series of subject 
reports published by the Missouri survey; two others, one on Iron Ores, 
and another on Mineral Waters, have already been issued.* The report 
is written in a semi-popular style, but Is nevertheless of scientific inter- 
est and importance. It is intended, primarily, as a statement, whichr 
shall be easily accessible, of what is at present known concerning the 
coal deposits of the state. The questions of the correlation of the dif- 
ferent coal beds and a general discussion of the stratigraphy of the 
Ck>al Measures are necessarily but briefiy touched upon, or omitted. 

That part of the report which is of special interest to the citizens of 
Missouri Is **A systematic description of the coal beds now operated.'* 
This occupies more than one-half the report, and brings together a 
large amount of detail concerning the different pits in workable beds 
of coal. One of the special features of this part is the large number of 
detailed sections of the strata Immediately above and below the coa^ 

^Reviewed in the last Geologist. 
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seams. Many of these sections are accompanied by illustrations show- 
ing the relative position and thickness of the diflPerent layers and espec- 
ially of the coal beds. 

The first fifty pages contain that which is of most interest to the ge- 
ologist outside of the state. Within these pages are briefly discussed 
the distribution, topography, lithology, stratigraphy, and process of 
deposition of the Coal Measures. Speaking broadly, that part of the 
state lying to the northwest of a line drawn from the extreme north- 
eastern to the southwestern corner of the state is underlain by Coal 
Measure strata. Along this line these strata thin out and disappear, 
but they increase in thickness away from it, reaching a maximum of 
about 2,000 feet at the northwestern corner of the state. The dip is in 
the same direction but is slight, being only about ten feet to the mile. 
The Lower Carboniferous rocks immediately underlie the Coal Measures 
and the two formations are separated, at least at the margin of the lat- 
ter, by an erosion interval. The coal beds are more abundant and 
thickest over the marginal portion of the Coal Measures, but are found 
throughout the interior. 

Under the title, '*The process of deposition," a very ingenious and 
satisfactory hypothesis is outlined. Starting from the following con- 
ditions, — that the marginal conditions were generally those favorable 
to the formation of coal beds, that marine and deep water conditions 
were more frequent over the central area and that the strata from the 
base to the top were, at intervals, near the surface, — which are found 
to be necessary for any interpretation of the process of deposition, Mr. 
Winslow clearly presents the succession of events which explain the 
deposition. He begins with discarding the prevalent ideas that the Coal 
Measures are strictly divisible into a lower, middle and upper series, 
that there must have been a subsidence over the entire area of some 
2,000 feet during the time of accumulation, and that a slight tilting and 
an enormous amount of erosion must have taken place to bring the strata 
into their present position. He suggests that when any area is sub- 
merged deposition goes on fastest at the margin, but the deposits here 
are not as thick as those in the interior provided time is allowed for 
all of the submerged area to be filled In. The margin is the first to be- 
come a shallow water area suitable for the accumulation of coal, and as 
the outer portion was gradually filled with sediments the coal swamp 
would slowly creep outwards until it covered the whole in a continuous 
sheet, — provided deposition was continued and subsidence arrested. The 
result is that the coal bed would be thicker near the margin where the 
time of accumulation was longer. A later subsidence of the central 
area, but of small amount, or none at all, at the margin, would make 
the following sediments slightly unconformable upon the earlier ones; 
and when shallow water conditions were reached coal would again form 
and the later coal bed would be nearer the lower one at the margin of 
the submerged area — actually a part of it were there no marginal sub- 
sidences—than towards the interior. In such a manner, with successive 
periods of subsidence and accumulation, — the subsidence always being 
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greater in the interior of the basin, — the Coal Measures were deposited. 
A rapid, continuous, or a frequently recurring subsidence would pre- 
vent the accumulation of coal, or would limit its formation to narrow 
marginal areas. A few simple diagrams make the process of deposition 
and the relations between the different strata easily understood. A 
study of the hypothesis presented shows how a moderate amount of 
erosion will suffice to produce the present limitations of the upper 
strata; how coal beds are more abundant over the marginal area; how 
the interval between any two strata may be very different at different 
points; that a columnar section constructed from outcrop measurements 
of successively exposed strata from margin to topmost layer will not 
represent the succession of strata in the interior; that a coal bed may, 
at one point, immediately overlie strata which are widely separated at 
another point; that the strata at the margin are not necessarily the 
lowest; that sandstone, shale or limestone may be prevalent according 
as the beds were marginal, shallow water or marine portions of the de- 
posit. 

The Missouri survey is to be congratulated upon the production of 
such a neat and handy volume, also upon its subject matter and ar- 
rangement, as well as its typography. It is certainly one of the best 
appearing reports yet issued by a state survey. 

The Journal of Oeology^ is a new publication, **A Semi-quarterly Mag- 
azine of Geology and related Sciences,** 'whose editors are T. C. Cham- 
berlin, R. D. Salisbury, J. P. Iddings, R. A. F. Penrose, C. R. Van Rise, 
C. D. Walcott and W. H. Holmes, with a number of associate editors, 
some of them being European. It is issued under the auspices and 
guarantee of the Chicago University. Its purpose is to discuss some of 
the broad and deep problems of the science of geology — systematic, phil- 
osophical, fuYidamental geology— in its inter-state and international 
relations. The first number contains: 

On the pre-Cambrian rocks of the British isles. Arch. Geikie ; Are 
there traces of man in the Trenton gravels? W. H. Holmes ; Geology as 
a part of a college curriculum, H. S. Williams ; The nature of the engla- 
cial drift of the Mississippi basin, T. C. Chamberlin ; with editorials and 
reviews. 

Phases in the metamorphism of the schists of southern Berkshire^ by 
WiUiam H. Hohbs. Bull. G. S. A., Vol. IV, pp. 167-178, Feb. 27, 1893. 
Certain so-called porphyritic minerals occurring in the crystalline schists 
of southwestern Berkshire county, Massachusetts, and northwestern 
Litchfield county, Connecticut, are described in this paper. These min- 
erals are feldspar(an acid plagloclase), garnet, staurolite, tourmaline, bio- 
tite and ottrelite. Secondary enlargements of feldspar, garnet and tour- 
maline are discussed and figured. Those of feldspar are the most inter- 
esting; here the enlargements are generally of a more basic character than 
the cores, as is shown by the extinction angle. In cases of feldspar 
twins the enlargement is sometimes twinned in the same manner as the 
original grain, and again the enlargement Is un twinned. Granophyric 
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intergrowths of quartz and feldspar occur and these are supposed to be 
of secondary origin, as has been shown by Irving and Romberg to be 
sometimes the case. The author concludes that the above mentioned 
minerals of a porphyritic nature have been developed in an originally 
clastic rock as the result of orographic disturbance. Internal mechani- 
cal movement seems to have had Utile to do with their formation. **The 
development of the porphyritic constituents seems therefore to be due 
to a partial recrystalllzation of the roclc as a result of what I would call 
static metaTnorphisTn — t. e., metamorphism in which pressure is the im- 
portant factor, in contrast to internal movement, though heat and a 
mineralizer were important adjuncts." 

Zur Oenauen Kenntnis der Phonolithe dea Hegaus, Von H. P. Gush- 
ing und E. Weinschbnck, in Munchen. Phonolites and phonolite tuffs 
from Hohenttwiel, Gonnersbohl, Staufen, Hohenkrahen, Schwindel, 
Magdeberg, Duchtlinger Wald,Pldren and Rosenegg, in their petrograph- 
ical relations form the subject of this paper. The territory is a small 
one,making noteworthy the very variable character of the phonolites oc- 
curring therein. The different types found occurring were nosean phono- 
lite, noseanophyre, leucite phonolite, nephelite phonolite and trachytic 
phonolite. The nosean phonolite is characterized by porphyritic sanidine, 
hauyne and augite in a groundmass of sanidine, aegerite and nosean, 
with nephelite either absent or present in only small quantity. The 
noseanophyre ^from Magdeberg and Schwindel is noteworthy from 
the much less prominent porphyritic structure. Sanidine, occasional 
hauynes, and still rarer augites are the minerals of the first gener- 
ation. In the groundmass in addition to sanidine, aegerite and nosean, 
nephelite appears in its characteristic four or six sided sections as a 
characteristic constituent. On the small hill of Staufen two ex- 
tremely different phonolites occur, true leucite phonolite, and an or- 
dinary nephelite phonolite. In both porphyritic crystals of sanidine, 
hauyne and augite are of only occasional occurrence, and in both nosean 
does not appear in the groundmass. The first is characterized by 
abundance of small leucite crystals and non-appearance of nephelite; In 
the second no trace of leucite is found and nephelite is abundant. 
Finally from Gonnersbohl a last well-marked type is found marked off 
from the rest by the non-appearance of either leucite, nosean or nephe- 
lite in the groundmass, which has a trachytic structure; the needle 
shaped sanidine crystals show well marked flow structure, and between 
these the arrangement of the zeolite crystals makes it very probable 
that they arose from an original glassy base. In all these rocks apatite 
is abundant, titanitc common and zircon occasional. Interesting Is the 
occurrence of hauyne minerals in two generations, which Rosenbusch 
says does not happen.* Micro-chemical tests, wherever these minerals 
were fresh, showed that the porphyritic crystals were hauyne, those in 
the groundmass nosean. The latter were locally colored a beautiful 
deep blue, and this color is easily produced where not present, by simple 

*Rosenbusch, Mikroscopischc Physioffraphic der massigen Gesteine, Stuttgart, 
1887, p. 614. 
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heating. The haayne on the other hand was never blue, and could not 
be colored artificially either by heating In air, or In sulphur vapor. This 
is interesting as showing again the uncertainty of attempting to separate 
hauyne and nosean by the presence or absence of a blue color. 

The porphyrltic auglte also presents features of interest. It agrees 
closely with the **augite vert" of MIchel-L^vy and Lacroix,* and lies 
between ordinary augite and aegerite in character. Optically a=a, b=b, 
c=c., and the extinction angle is never more than 30°. It has a strong 
pleochroism, a being greenish yellow, b green, and c green with a tinge 
of yellow. Its crystal form is that of ordinary augite. The pyroxene 
in the groundmass seems to be always aegerite. 

UrsuM ferox from Ifaita.— Geological Magazine [3] X, pp. 67-69. In 
excavating in parts of the Ear Dalam cavern in the Pleistocene of Malta, 
Mr. John N. Ck>OK, F. 6. S., unearthed the entire remains of Ur8U8 ferox 
with canine and molar teeth in itUu and a number of detached teeth of 
other individuals of the same species. Large quantities of bones of 
Hippopotamus penUandU Cervus barbarus, Elephas mruiidriensia, and 
other animals were also discovered. The entire amount of earth exca- 
vated amounted to about 720 cubic feet. Cervus occurred in a friable 
marly loam, with a few pebbles, together with fragments of old pottery. 
Underneath this loam was a layer of indurated, light grey loam (also con- 
taining Cervus) in which were imbedded Ursus ferox And Hippopotam'iis 
pentlandL Below this section was another about one and a half feet 
thick, in which were found numerous remains of Hippopotamus. 

From their similar state of preservation the author concludes that 
these animals occupied the Maltese era contemporaneously. 

On a new Fossil Amber-like HeHn from Burma; by Db. Otto Helm, of 
Danzig. (Records of Geol. Sur. India, vol. xxv, p. 180.) From a prelimi- 
nary chemical and physical examination upon a small quantity of mate- 
rial the author concludes that this is an entirely new variety of amber. 
The resin resembles the Baltic succinite, in that It Is easy to cut, saw 
and polish. Hardness, 2.5-3. Sp. Gr., 1,034. Exhibits a fine blue fluor- 
escence. 

On PaUeosaccus dawsoni, gen. et sp. nov. Hiude. Dr. Hinde in the 
Geological Magazine [3], x. Feb., pp. 56-59 announces and describes this 
new hexactlnellid sponge, which was discovered by Sir William Dawson, 
In the Quebec group at Little M6tis, Canada. Paveosaccus is cylind- 
rical or sack-like, with thin walls of rhombic meshes, which are large. 
The strands of the mesh-work consist of fascicles of slender rods, cruci- 
form, and perhaps five-rayed spicules; the inter spaces are either open 
or covered with a thin layer of irregularly disposed rods and cruciform 
spicules. No anchoring spicules have been found In Immediate connec- 
tion with the sponge, but there are In the same beds elongated anchoring 
spicules with ornamental spiral ridges which may perhaps belong to It. 

The species Is named after its discoverer. 

*Kichel Levy and Lacroix, Tableaux des min^raux des roches. Paris, 1880. 
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A Hyena and other Camiworafram Texas, (Proc. Acad. Nat, Sci., Ill, 
1802, p. 326.) Prof. Cope announces a new genus from the Blanco beds 
(Pliocene) of Texas, which he has named Barophagys, and the species 
diversidens, which he concludes was '*the scavenger of the Blanco 
Fauna;" also a new genus and species of a weasel, which he names 
Canimartes cumminHL Canimartes is allied to jftwtela; also he an- 
nounces a new cat provisionally referred to Felis hUUanus^ about the 
size of the Cheetah, with feet shorter than any of the modern cats. 



CORRESPONDENCE. 



Tub Movbmbkt of Muir Gt^cier. — In the December number of the 
Geologist appears the following statement by Prof. G. F. Wright : *'In 
accounting for the apparent discrepancy [italics mine] between profes- 
sor Reld's measurements of the movement of Muir Glacier and my own, 
tn your notice of his important work, attention should have been called 
to one other point, namely, that we did not measure the same portions 
of the glacier. Professor Reid measured the motion only so far out 
from the center as he could plant stakes; but there was a quarter of a 
mile or more in the middle which he found it impossible to reach. The 
reason why he could not reach it was that that was the most rapidly 
moving part where, consequently, the crevasses were impassable." 

This statement is based on a misapprehension, does not correspond 
with the facts, and hence calls for comment. Professor Wright has evi- 
dently misread Prof. Reid*s statement of the case, and consequently 
magnifies the importance of that portion of the glacier that Reid's party 
did not cross. Professor Wright^s remarks would lead one unacquainted 
with the ground to infer that this portion was all that was moving rap- 
idly and was deeply crevassed. He seems himself to share this belief. 

• 

It is, however, far from being the correct one. He truly says that this 
part was impassable, and is the most rapidly moving part of the glacier. 
He fails to realize that the ice adjoining this impassable strip Is itself so 
nearly Impassable, that no sharp line of demarkation between that which 
is impassable and that which is not can be drawn. If professer Reid 
had not been so experienced at ice work that he was able to guide his 
party with masterly Skill in the face of extraordinary difficulties, at least 
four of his flags could never have been posted where they were, and 
thrice as wide a strip of ice would have been regarded as impassable. 
On several occasions while setting out flags two hours hard work re- 
sulted in no greater advance than fifty feet ; once, indeed, resulting in a 
net loss. The difference between ice of that character and ice that is 
impassable is a microscopic one. The fact is that the swiftly moving, 
deeply crevassed portion of Muir glacier has a width of fully three- 
quarters of a mile, and nearly or quite two- thirds of that distance was 
covered by professor Reid^s flags. In this portion the rate of motion in- 
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creases slowly and gradually from the sides to a point near the center. 
A glance at profedsor Beid*s map of the Ice front, opposite page 55 of 
his paper in the National Geographical Magazine, will show more clearly 
than any words the relation which the space not crossed, between his flags 
Kos. 6 and 7, bears to the space which was crossed. Flags Nos, 5, 6, 7 
and 8 are all out in the swiftly moving part of the glacier. Had a flag 
been planted midway between Nos. 6 and 7 it is a perfectly safe predic- 
tion that no motion more rapid than 10 feet a day could have been dis- 
closed. Anything measurably greater than this, moreover, would result 
in a differential motion whose results on the ice would be almost incon- 
ceivable. One must have been out in the midst of that chaos of pinna- 
cles, sharp ridges and yawning crevasses, to fully realize the force of 
the foregoing statements. 

A study of professor Wright's map (Ice Age in N. A., p. 49) will show 
that his claim that professor Reid and he measured different portions of 
the glacier, is founded on a misapprehension. Beid names 500 yards as 
the distance not covered by his flags. Professor Wright's points num- 
bered 2 and 5 cannot both lie in this space, as his figures (given on p. 50, 
Ice Age in N. A.) show them to be considerably over 3,000 feet apart, and 
though their direction does not correspond with the line of Beid's flags, 
their distance as projected on this line would be far more than 500 yards. 
But he states that point 2 moved 65 feet, point 5, 70 feet a day. One or 
the other, possibly both of these points, lies in ice in which professor 
Beid found a motion of 7.2 feet as a maximum. 

Further, professor Wright's measurements, taken by themselves, will 
not bear close scrutiny. He maps a point, No. 4, about midway between 
Nos. 2 and 5. To this he assigns a motion of 36 feet a day, while points 
2 and 5, about equally distant from it to the right and left, are marching 
forward with a motion double this. Moreover, points 6 and 7, which are 
much nearer on a line with point 5 than point 4 Is, are only moving nine 
and ten feet respectively. Further, there is no means of telling which 
one of these points occupies the space which professor Beid's measure- 
ments did not cover, or whether any of them do. The directions of mo- 
tion, as mapped by professor Wright, do not coincide with the directions 
of the moraines. Muir glacier Is retreating, hence It Is undoubted that 
its motion was less rapid in 1890 than In 1886. But It strains the imagi- 
nation to an unwarrantable extent to ask credence for the proposition 
that the glacier was moving seven or eight times more rapidly In 1886 
than it was in 1890. A decrease of speed of even one-half in that time 
would be almost beyond belief. 

Professor WrighVs method of determining the motion was by sighting 
on pinnacles, which he believed he could recognize from day to day. 
It was the only method open to him with the appliances he had, and with 
a party numerically so weak. Only a large pariy, well equipped, and 
with a leader experienced in climbing over broken ice, can hope to set 
out flags across Muir glacier. The members of the party of 1890 were 
unable to distinguish pinnacles from day to day. Even with the flags 
to help them they considered it unsafe to trust to a pinnacle In order to 
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determine the motion between the two central flags. The pinnacles 
themselves change in shape and appearance from day to day with con- 
siderable rapidity. Especially is this trae during rains, which are often 
of several days duration. It is believed that they do not furnish a reli- 
able basis of measurement. 

The writer holds that the sets of measurements made by professors 
Wright and Reid are completely discordant, and cannot be made any- 
thing else, and that all efforts to show that both may be correct are 
futile. Should there be any doubt as to which set comes nearest the 
truth, the final decision must rest with the party which shall measure 
the motion of Muir glacier for the third time. 
CleveUmd, O., Feb. 27, '93. H. P. Gushing. 

Tbe Artesian and Underflow Investigation.— The book re- 
viewed (sic) at page 113 of this volume of the American Geologist» 
is Part III, of Senate Executive Document No. 41, of the Ist Session of 
the 52d Congress, which contains the reports of the geologists of *'The 
Artesian and Underflow Investigation,** recently made under the 
direction of the Secretary of Agriculture, on the title page of which 
my name appears as Chief Geologist. There are in that part of the 
volume which is properly my own, mistakes of a kind that ordinarily 
make one gnash one*s teeth with vexation on their discovery. The dis- 
covery of these came to me at a time when supreme calamity bad made 
me indifferent, and the annoyance is now that such errors (which any 
man competent to discover them could trace to their source and correct 
them), are made a stalking horse in the respectable pages of the Geol- 
OQisT. It seems that the words Ca/non Blanco appear where Palo Dura 
should stand. I had no chance to make a list of errata. In a table of 
geologic formations, '^Tertiary" does not appear to be included in 
**Cenozoic," nor **Trinlty" in *'Cretaceous." The removal of a few of 
the words by the space of two or three ems would place the matter right, 
and any geologist can see it. I saw proof under very aiverse circum- 
stances, but did not see the corrections Inserted. On such errors the 
strongest criticisms of the reviewer are made. A misstatement is also 
made at to the relation of the Brazos river to the Mississippi. Two 
other rivers are similarly affected by the passage as it stands. The 
insertion of a single word in one of the sentences referred to would cor- 
rect the error. I can't prove the word was in the original copy, but any 
reasonable man with no bad motive would see that its absence was a 
mere slip. The writer of such a review of course never makes any slips; 
will he give, therefore, an honest reason why he substituted underground 
for underjiow In quoting the title of the book he had in hand? 

I have said the Palo Duro canon is a thousand feet deep. This would- 
be critic says it is nine hundred. I used a good barometer, between half 
past nine and five o'clock, on a quiet day, and returned to the starting 
point, and the difference of the **out" and *'home" trips was less than 
fifty feet. 

My critic says elsewhere: — ^'Opposite page 37 he gives Sectitm XX, 
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showing a synclinal or trough in which are the outlines of an ideal ar- 
tesian basin, &c." There Is no Section XX in my report. There is Fig. 
XX, and opposite to it on page 37 there are given and numbered ty^ 
conditions necessary to an artesian flow. The first of these is as fol- 
lows: (l)*'The water bearing stratum must have a continuous dip in one 
direction, or it may have a synclinal, or double dip to form a trough or 
basin." After the five conditions my report goes on to say: ^^These 
conditions are all shown in Fig. XX." The trough or basin is shown, 
but ^^the c<ynJtinuou8 dip in one direction" is more emphatically shown, 
and the flow of water based upon it. The critic says: '*The regular dip 
from the northwest" is the condition of the Fort Worth- Waco area. 

There is really only one point in his review that savors of a criticism 
of the matter of the report. That is in reference to the geologic section 
of the Bed river Canon. It may be the critic is right, and it may 
be, also, that in the sixteen months since the report was in preparation 
there has been some change in my own view about the much battered 
Jurassic, and that something now in the press will have a bearing on 
the subject. The matter was, as he admits, incidental! The subject of 
more than one paragraph in my report of which the Red river section is 
a small part, is the relation of a certain water bearing Tertiary forma- 
tion to the underlying formations of the plains, one point to be Illustrat- 
ed being that from Nebraska to Texas these subjacent formations are 
older geologically as we proceed southerly. The illustration would not 
have been affected if Instead of Jurassic I had written Permian, Devon- 
ian or Silurian. 

The animus of this reviewer is perplexing. 

Unfortunately, the edition of the report under notice is exhausted, 
and many persons will form their estimate of it from reviews. Instead, 
however, of a ^^review" showing the scope and character of the work 
and adding to the information conveyed, by judicious correction or sug- 
gestion, this Is rather a personal attack on the knowledge and capacity 
of one of the several authors. 

Junction CUy, Feb, 7, 1893. Robert Hay. 

Reuarks on Ball's collection of Conrad's Works. Upon my return 
to Washington from a sojourn in Texas I find an article published In 
the Bulletin of the Philosophical Society of Washington, vol. xli. pp. 
215-240, entitled: Determination of the Dates of PvbUcation of Conrad's 
*^Fos8Us of the Tertiary Formation and Medial Tertiary,'' by William 
Healey DalL (Read before the Philosophical Society, November 12, 1892.) 

In this paper the author has given much interesting information re- 
garding the respective claims of Conrad and Lea for priority In describ- 
ing the Eocene fossils at Claiborne, Ala. Moreover, the bibliographi- 
cal notes upon the two works referred to are far more exhaustive, and 
superior in every way to any heretofore published. A few slight errors, 
however, have crept into this part of the paper, and since this part has 
been a special study of mine during odd times for the past two or three 
years I feel at liberty to suggest the following corrections: 
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(1.) In the first pUce ''Fossils of the Tertiary FormaH/km*' [»] is the 
wordiDg found on the title page of the *'3fedial3VrHar]//' so that the two 
titles given by Dr. Dall refer to the same work. Ck>nrad'8 publication 
issued in parts from 1832 to 1835 and Including mostly Eocene species 
is entitled, Fossil Shells of the Tertiary ForrMU^MM of North America. 

(2.) The color of the covers is not the same for all parts of the first 
edition of **FossU Shells^ &c. (p. 219, line 1.); for example the covers of 
Nos. 1 and 4 are of a light brownish yellow color and not bright yellow 
like those of No. 2. The kind of paper used, too, is entirely different. 
Again the covers of the **reprint" of No. 3 (p. 224) are not grayish green, 
but deep blue. For this mistake my typewritten copy is at fault. Not 
having any deep blue paper at hand when this copy was bound, grayish 
green paper was substituted as a convenient reminder that the covers 
of this number were totally different from any of the original No's. 

(3.) The form of the preface to No. 1, referred to by Dr. Dall as 
having *'been reprinted" (224,) is in fact the original one, while that 
classified by him as the original (p. 219) is the revised form. This is 
evident from the fact that good presswork demands that all great head- 
ings like Preface, Introduction, <&c. shall occur on right-hand pages. So 
the Preface referred to e vidently does in one of deGregorio's copies, and it 
certainly does in E. A. Smith's copy as well as in both copies at the 
Wagner Institute and in the one at the Philadelphia Academy of Natural 
Sciences. The preface in these copies begins on page v, and the dedi- 
cation to Morton is signed, '*T. A. Conrad." In the form of the pre- 
face cited as the original (p. 219) it commences on page iv, t. e. the left 
hand page of the book and the dedication is signed '"T. A. C.;" pp. v and 
VI have been rewritten and enough extra matter inserted to necessitate 
intruding on page rv, otherwise the whole book must needs have been 
repaged. Again, in the original form of the preface (i. e. that beginning 
on p. V.) the following statement occurs: **The organic remains of the 
Ferruginous Sand formation have already been illustrated by Dr. Mor- 
ton, who is about to republish his essays, with much additional informa- 
tion and with splendid lithographic figures of shells and zoophytes." 
The republication referred to having appeared in 1834, it Is evident that 
this preface could not have been written subsequent to 1835 (p. 224). 

(4.) In the * 'republication" of No.3,P1.15 is placed opposite page 37; PI. 
16, opposite page 41; PI. 17, opposite page 49; PI. 18, opposite page 55 
which contains the explanation of all four plates. Page 55 was therefore 
evidently not * 'misplaced by the printer" as has been supposed (p. 225). 

(5.) On page 228 occurs the following statement regarding the two 
forms of the introductory part to the * 'republication" of No. 3. *'This 
edition, being less obnoxious to criticism by the friends of Lea, is the 
one most commonly found in copies of the work." Of the copies we 
have, or could have had access to, sevep have .this * 'obnoxious" edition 
(viz., Dall's, E. A. Smith's, Harvard library copy, Whitfield's, W. B. 
Clark's, T. H. Aldrich's, and one Wagner Institute copy,) while three 
only have the less '^obnoxious" form (viz. Meek's, one Wagner Insti- 
tute copy and the Philadelphia Academy copy). 
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The study of the ^'Medial Tertiary*^ is far less complex than that of 
the ''dossil SheXW^ <fec., owing to the facts that copies of It are much com- 
moner, and the work seems never to have had but one edition In any of 
its parts except of course the covers. There are, to be sure, several un- 
settled points relating to this work, but, no one is more capable to deal 
with them than is Dr. Dall. 
WcLshingUm^ D, C. Feb. 25, 1893, Gilbebt D. Habais. 

Geological Society of Washington. — A Geological Society has re- 
cently been organized in Washington, D. C, for the presentatiou and 
discussion of topics of interest to geologists. The constitution and 
standing rules were subscribed to by 109 founders at the first public 
meeting, March 8th, 1893.* Its members are of two classes, active and 
corresponding. The annual dues of the first are $3.00, and of the sec- 
ond, $1.00. Meetings will be held on the second, and generally also on 
the fourth Wednesday of each month, from October to May, inclusive. 

The journals and bulletins of the various societies appear to furnish 
sufficient opportunity for the publication of papers read before the soci- 
ety, so that for the present the society will not undertake to publish the 
papers presented. It will probably issue one bulletin each year contain- 
ing the address of the retiring president and such other matter as the 
council directs. 

All publications, and if desired, notices of the meetings also, will be 
sent to corresponding as well as active members. 

This circular letter, with the accompanying pamphlet containing the 
constitution, standing rules, lists of founders and officers of the society, 
is Issued for the information of members and all other persons who are 
interested in the progress of geological science. 

Washington, D. C, March 18, 1893. J. S. Diller, Secretary. 

The fauna of Tucumcari. — In an article in your March number, p. 
213, **Remarks on a part of the Review of the Third Texas Report," by 
Prof. Jules Marcou, I have been quoted as having said **the fauna 
(meaning that of the Tucumcari region) is an upper Jurassic fauna." 
This quotation is correct, but as stated by professor Marcou, it was a 
verbal opinion given in 1889. I do not see why this should be consid- 
ered of any value, but since it has been twice quoted and is evidently 
being used in this controversy, it is only proper to state that I do not at 
present consider myself qualified to give any opinion upon this question. 
Professor Hill showed me at Ithaca, in the summer of 1891, his superb 
series of fossils collected in Texas some years before, and demonstrated 
to my satisfaction that it would be essential for me to study his local- 
ities in the field or his collection, and perhaps both of these sources 
of information, before publishing anything about Tucumcari. I have 
at present absolutely no opinion about the age of the rocks of this re- 
gion, the evidence on either side being very conflicting and my informa- 
tion at present far too limited. 

Boston, March 16, 1893. Alpheus Hyatt. 
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PERSONAL AND SCIENTIFIC NEWS. 



The Hatden Memorial Medal has been awarded bv the com- 
mittee of the Academy of Natural Sciences, of Philadelphia, to 
prof essor Edward Suess, of Vienna. 

Diamonds in meteoric stones. H. Moissan in the ^ 'Comptes 
Rendus" for 1893, pages 116 and 288, gives the result of his in- 
vestigation as to the nature of the Canyon Diablo, Arizona, 
meteorite. He found in it a transparent diamond, black diamond, 
brown coal, and graphite. In the same periodical, 1893, pages 
116 and 288, he mentions the existence* of graphite, black dia- 
mond and microscopic transparent diamonds in the '^blue-day" 
of the South African diamond mines, which, he says, contains 
more than 24 species of minerals. These results are of great in- 
terest, especially when taken in connection with the discovery, by 
W. Luzi and A. Sauer, of graphitoid in certain quartzite slates 
and phyllytes of the Taxon Brzgebirge. These gentlemen found, 
near Wiesenthal, an amorphous substance which contained 99. 02 
per cent, of carbon, and 0. 54 per cent, of hydrogen, but no nitro- 
gen. It resembles the mineral schungite, which was discovered 
in 1884 in phyllyte from the Olonetz government, Russia, and con- 
tains some nitrogen. The Canyon Diablo meteorite has also been 
examined by C. Friedel (*'C.ompte8 Rendus," 1893, pages 116 
and 290), who found that the microscopic transparent diamonds 
became visible after removing the black diamonds, or carbonado, 
with methj'lene iodide. He found also that between the layers of 
the nickel-iron and accompanied by lamellae of schreibersite there 
were thickish leaves of a lustrous, silver-white substance which 
proved to be a subsulphide of iron, with 10.2 per cent, sulphur 
and 88.3 per cent, iron, corresponding, therefore, to formula 
Fe5S. Imbedded in this substance were little knots of yellow 
troilite, and the mixture of ordinary coal, graphite and diamond 
seemed to be concentrated near the troilite. The little knots of 
troilite were surrounded by a thin layer of the lustrous subsul- 
phide of iron. 

Reprint op Conrad's Tertiary Fossils. Mr. Gilbert D. 
Harris, of the Smithsonian Institute, is projecting a reproduction 
of the Eocene or earlier volume of Conrad's »*Tertiary Fossils." 
The Wagner Free Institute, of Philadelphia, will reprint the 
Miocene volume, with its engravings and plates, with some new 
matter, if 150 copies arc subscribed for in advance at $3.50 per 
copy. Mr. Harris' reproduction will consist of No3.1,2,3 and 4 of 
the original edition of 1832-33, and the so-called reprint of No. 3, 
1835, the vanous changes being given in full. Mr. Harris will 
proceed with this when 100 subscriptions have been received at 
$3. 00 each. 
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Interolacial Peat in Wisconsin. According to Mr. B.W. 
Thomas, of Chicago, there is a haii of interglacial peat iji theblutfs 
of Fox river, about oue-half mile from the water and fort}' feet 
above it, which, on examination, is found to contain fresh water 
and some marine diatoms. The bed is about four feet thick, 
with an area of at least four acres. It rests on boukler clay whicli 
lies on the St. Peter sandstone, and isoverlain by fifteen or twenty feet 
of the same material, the latter carrying numerous large boulders, 
some of which are said to show tr|acial markings. Mr. Thomas 
says tliis peat contains several species not found in that recently 
i»xamined from Minnesota [see 20th Minnesota report], and also 
lacks some found in Minnesota peat. 

The Illinois Weslevan University, at Bloomington, Illinois, 
has lately received by be(iuest from the late George W. Lichten- 
thaler, a verv large conchological collection. It includes also 
many fossils and minerals, as well as living species of corals, star- 
fishes and other marine species. It was gathered during twenty 
years, and nearly all parts of the world are represented. It will 
certainly constitute an attraction for scientists who wish to study 
an}' of these forms. It has from twenty -five to fifty thousand 
specimens, largely named by the best authorities. 

The first officers of the new Geolooical Societv of 
Washington were elected Feb. 25, as follows: Presuhnt^ Q. D. 
Wolcott; Vice Presidents, S. F. Emmons and W. H. Holmes : 
Treasurer, Arnold Hague; tSfcretarits, Whitman Cross and J. S. 
Diller; CuunciL G. F. Becker, T. M. Chatard, G. H. Eldridge, G. 
K. Gilbert and G. P. 31errill. In the list of the names of the 
•'founders" the following are resident outside- the District of Co- 
lumbia: T. C. Chamberlin, II. D. Salisbury and J. P. Tddings, all 
of the University of Chicago; Ellen Ilnyes, Wellesley, Mass., and 
C R. Van Hise, University of Wisconsin. 

A "CIRCTLAR OF TNF0R.\1ATI(»n" HAS BEKN ADORESSEI) bv Prof.S. 

Le Conte and Lawson, of the University of California, represent- 
ing- a larger ''joint commiltee" of the people of that state recom- 
mending the proposition to institute a topographical survey of 
that state. The survev, if undertaken, is to l)e on the scale of one 
inch to one mile, or might vary with conditions, and the sheets, 
for the vallev and foot-hill areas of the state, would number loO 
or 200. The following specifications were agreed to by the joint 
committee and the director of the U. S. Geological Survey, and 
on this basis a proposed law will be brought before the next leg- 
islature. 

1. That llie map be a complete contour topographical map, based 
upon triaiignlation and leveling, and constructed by plane-table survey, 
showing, in addition to the natural features, (l) all existing monuments 
of township and land.grant corners; (2 )all railways, canalsand public dis- 
tributing ditches; (3) all public; roads, and all other roads in unrestricted 
use, and therefore virtually public: (4) all county boundaries; (Ti) all 
eitiei^, towns, villages, hanii<'t>5. prominent mines, and other important 
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places, with indication of their buildings, together with all isolated 
dwellings and public buildings outside of town limits. 

3. That in eacli township at least one permanent bench mark be 
made, with record of the precise altitude above mean sea-level. 

3. That all contours be on a scheme involving intervals of five feet, 
or multiples of five feet, according to the slope of the ground, and that 
the contour interval be uniformly five feet wherever the slope of the 
ground is less than fifteen feet to a mile, in wiiich case the contours 
shall be traced out by actual leveling. 

4. That all navigable streams and important water courses be located 
by continuous survey of their banks. 

5. That salt marsh land, and fresh water swamp land, and overflow 
land be distinguished by distinct conventions, and that the boundaries 
to be indicated be those of the natural limits, not the legal segrega- 
tion limits. 

6. That there be at least three triangulation points to each plane- 
table sheet. 

7. That the field scale be not less than one and one-third inolies to a 
mile, or three-quarters of a mile to an inch. 

8. That tlie publication scale be one inch to one mile 

9. That the size of the atlas sheet be that of a quarter-degree square, 
limited by the even fifteen minute lines of latitude and longitude. 

10. That the U. S. Coast and Geodetic Survey be requested to contrib- 
ute as many triangulatiou points as possible. 

11. That the headquarters for the survey be in California. 

12. That the work be done by the U. S. Geological Survey, under 
supervision of a commission of five persons representing the State of 
California, of whom four shall be appointed by tlie governor, one to be 
a representative of the agricultural interests of the State, one a repre- 
sentative of the mining iriterests, one on nomination of the State Uni- 
versity, and one on nomination of the Leiand Stanford Jr. University; 
and of whom the fifth commissioner shall be chosen by the others so ap- 
pointed. 

13. That the expense of the survey be divided equally between the 
State and Federal authorities. 

14. That the U. S. Geological Survey engrave the copper-plates for 
all the* map sheets, wholly at its own expense, and thatitown the plates, 
and that the State of California have the right of taking electrotype 
transfers from each and all of such plates, for its own use. 

The preparation of sucli a map won hi nocessariiy be a work of 
years. Each atlas sheet averaging in eost about $3,000, corre- 
sponding in area to about six and one-half townsliips, would how- 
ever, in itself be a complete map, independently surveyed, en- 
graved and published. Tnterrnption or termination of tlie work 
at any staore. therefore, would not affect the value of what had 
already been accomplished. 
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A NEW TREE FROM THE CARBONIFEROUS ROCKS 

OF MONROE COUNTY, OHIO. 

By H Herzbr. Berea, O. 
Plate VI. 

In the higher Carboniferous rocks of Ohio a peculiar species of 
tree has been found, especially stumps of that species of con> 
siderable size, varying from one to two feet and more in diameter 
and from three to four feet at base, with a hight from two to 
three feet, and showing no characteristic mark to determine its 
species. It is nothing bat an arenaceous mass with somewhat 
longitudinally fluted surface, betraying vegetable character. Two 
or three such stumps are in the college collection at Marietta, 
0. Two years ago I found one in a saudstone quarry 400 feet 
above the Ohio river, at Baresville, Monroe Co. , 0. , in upright 
position, from wJiere I had it removed to the campus of the Ger- 
man Wallace college, Berea, O. 

It seemed remarkable to me that not a single trace of silicifi- 
cation could be observed to show any structure whatever. Be- 
ing on a constant lookout for some silicified mass which I thought 
must occur in sandstone, I was overjoyed last summer in finding 

in the bed of a run, among worn lime and sandrocks, a partly 
worn but silicified stump of a tree, being in form and external 

markings the same as those found heretofore of purely arenaceous 

mass. I was surprised at the good preservation of its structure. 
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which is indeed of coarsest texture. One-thiid of the stump had 
been rotted out with its pithy center before petrification took 
place. The same must have been the case with some fascicles of 
cells leaving tubular holes through the length of its growth, some 
being f inch in diameter. A still better find was a section of a 
trunk eight inches long and ten inches thick, from which the 
perfect characteristics of the tree can be ascertained. From the 
latter the description and illustration are taken. 

ENDOGEN. 
Genus: Winchellina. (n. gen.). 

Winchellina fascina. (q. sp. ) 

Among the fiora of endogens our new genus stands isolated. If 
no interior arrangement could be ascertained, the exterior only 
would let us surmise a palm or fern in this form. But the ex- 
cellent preservation of this plant showing so minutely its inner 
organization makes it an object of high interest in our fossil flora, 
as well as in the botanical world. I have named it Winchellina 
as a token of kind remembrance of the late Dr. Alex. Winchell 
of Ann Arbor. While we have in numerous plants well de- 
veloped cell- bundles so arranged as to cause a harmonious 
cellular promotion and necessarily interwoven with the whole 
organism, we observe in our plant an arrangement, as it were, of 
independent growth of fascicles. Each of them being encased 
by a very thick periderm, exhibits a peculiar inner tissue of ob- 
long sub-quadrate cells with thick walls, simulating a trans- 
verse section of Carboniferous fossil pine. The whole tree is 
composed of such fascicles which are f inch mean diameter, the 
outer ones crowding each other in contorted and, polygonal forms, 
and causing the longitudinally ribbed exterior. Toward the more 
inner portion the fascicles become more circular, parenchymous 
tissue filling the space. The third zone is crowded again with 
small oval fascicles enclosing tightly the parenchymous center 2^ 
inches in diameter, the structure of which can be seen in small 
perfectly circular cells. 

It is likely that this was a most stately tree and that each fasci- 
cle shot out an independent branch crowning the tree with a bun- 
dle of diverging long, linear, reed- like branches. 
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ALASKA. 

By John Mum, MartiDOz, Gal. 

The trip to Alaska from Tacoma through Puget sound aud the 
thousand islands of the Alexander archipelago is perfectly en- 
chanting. Apart from scientific Interests, no other excursion that 
I know of may be made into the wilds of America in which so 
much fine and grand and novel scenery is unfolded to view. Gaz- 
ing from the deck of the steamer one is borne smoothly on over 
the calm blue waters through the midst of a multitude of lovely 
islands clothed with evergreens. The ordinary discomforts of a sea 
voyage, so formidable to some travelers, are not felt; for the way lies 
through a network of sheltered island channels that are about as 
free from the heaving waves that cause seasickness as rivers are. 

Never before the year 1879, when I made my first trip to Alaska, 
had I been amid sc^ery so hopelessly beyond description. It is 
a web of land and water thirty or forty miles wide, and about a 
thousand miles long, outspread like embroider}' along the margin 
of the continent, made up of an infinite multitude of features, and 
all so fine and ethereal in tone the best words seem coarse and un- 
availing. Tracing the shining levels through sound and strait, 
past forests and waterfalls, between a constant succession of fair 
azure headlands, it seems as if surely at last you must reach the 
best paradise of the poets — the land of the blessed. 

Some of the channels through which you glide are extremely 
narrow as compared with the hight of the walls that shut them in. 
But, however sheer the walls, they are everywhere forested to the 
water's edge. And almost ever}- individual tree may be seen as 
they rise above one another — the blue-green, sharply spired, Men- 
zies spruce; the warm yellow-green Merten spruce, with finger-like 
tops all pointing in one direction, or gracefully drooping; and the 
airy, feathery, brownish-green Alaska cedar. In such reaches 
you seem to be tracing some majestic river. The tide currents, 
the fresh driftwood brought down by avalanches, the infiowing 
streams, and the luxuriant over-hanging foliage of the shores, 
making the likeness all the more complete. 

But the view changes with magical rapidity. Bounding some 
bossy cape the steamer turns into a passage hitherto unseen, and 
glides through into a wide expanse filled with smaller islands 
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sprinkled wide apart, or clustered in groups such as only Nature 
could invent Some are so small and low the trees covering them 
seem like mere handfuls that have been culled from the larger 
islands and set in the water to keep them fresh, the outer fringing 
trees around the sides oftentimes spreading like flowers leaning 
out against the rim of a vase. Thus thoughtfully beautiful are 
these blessed islands; and their beauty is the beauty of youth. 
For though the softness of their verdure must be ascribed to the 
copious and warm moisture in which they are bathed, from the 
mild ocean-current that comes from Japan, the Japan current that 
bathes these shores is itself young, while the very existence of the 
islands, their main features, finish and peculiar distribution, are 
directl}"^ referable to the structure of the rocks, and the action of 
ice upon them during the glacial period, now drawing to a close. 

The first stop made by the Alaska steamers after touching at 
Seattle, Port Townsend, Victoria and Nanaimo, is usually at Fort 
Wrangel, the distance between the last two places being about 600 
miles. Wrangel is a boggy place, but is favorably situated as a 
center for excursions to some of the most interesting portions of 
the country. Indians may be seen on the platforms of the half 
dozen stores, chiefiy grim women and cubby, chubby children with 
wild eyes. Most of them have curiosities to sell when a steamer 
arrives, or a basketful of berries, reci, yellow and blue, which look 
wondrous clean as compared with the people. They are a proud 
and intelligent race, nevertheless, and maintain an air of self-re- 
spect that no amount of frazzled raggednass and squalor can 
wholly subdue. Many canoes may be seen along the shores, all 
fashioned alike, with long beak-like sterns and prows. What the 
mustang is to the Yacquero the canoe is to the Indian of the 
Alaska coast. Yonder you see a whole f amil^^, grandparents and 
all, making a direct course for some islands five or six miles away. 
They are going to gather berries, as the baskets show. Nowhere 
In my travels north or south have I ever seen so manj- berries. The 
woods and meadows are full of them — huckleberries of many species, 
salmonberries, blackberries, currants and gooseberries with straw- 
berries and serviceberries in the drier grounds, and cranberries in the 
bogs, sufficient for every worm, bird, beast and human being in the 
territor}', and thousands of tons to spare. The Indians beat them 
into pulp, press the pulp into cakes about an inch thick, and dry 
them for winter use with their oil}' salmon. So fruitful is Alaska. 



Alaska, — Muir. 389 

The coast climate is remarkably bland and temperate. It is 
rainy, however, but the rain is good of its kind; mild in tempera- 
ture, gentle in its fall, filling the fountains of the streams, and 
keeping the whole land fresh and fertile. While anything more 
delightful than the shining weather after the rain — the great round 
sun-days of June, Jul}^ and August, can hardly be found elsewhere. 
Strange as it may appear, many who are looking to Italy for health 
had better turn their eyes to Alaska. An Alaska mid-summer day 
is a day without night In the extreme northern portion of the 
territory the sun does not set for weeks, and even as far south as 
Sitka and Wrangel the ros}' colors of evening blend with those of 
the morning, leaving no darkness between. Nevertheless the full 
day opens slowly. A low arc of colored light steals round to the 
northeastward with gradual increase of hight and span, the red 
clouds with yellow dissolving edges subside into hazy dimness, 
the islands with ruffs of mist about them cast ill-defined shadows 
and the whole firmanent changes to pale pearl-gray. 

As the day advances toward high noon, the sun flood pouring 
through the damp atmosphere lights the waters and sky to glow- 
ing silver. Brightly now play the ripples about the edges of the 
islands, and over plume-shaped streaks between them where the 
water is stirred by some passing breeze. On the mountains of the 
main-land and in the high walled fiords and canons still brighter is 
the work of the sunshine. The broad white bosoms of the glaciers 
glow like molten silver, and their crystal fronts and multitude of 
icebergs are kindled to a blaze of irised light. 

You are warmed and awakened into sympathy with all the 
world. Through the midst of the brooding silence the life and 
motion about you comes to mind — ^the weariless tides swaying the 
dulse over thousands of miles of sea-meadows, the foaming rivers, 
the swift floods of light through the satiny sky, the marvelous 
abundance of fishes, the wild sheep and goats on a thousand grassy 
ridges above the forests, bears feasting in the berry tangles, the 
beaver and mink and otter far back on many a rushing stream, 
Indians and adventurers pursuing their lonely ways, the leaves of 
the forests feasting on the sunbeams, and the glaciers in glorious 
array fashioning the mountains, extending the domain of the sea, 
tracing valleys for rivers to flow in, and grinding the rocks to soil 
for fertile flelds for the use of life to come. 

Through the afternoon the day grows in beauty. The air seems 
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to thicken without losing its fineness, and everything settles into 
deeper repose. Then comes the sunset with its purple and gold, 
blending earth and sky — everything in the landscape in one in- 
separable scene of enchantment. 

During the winter snow falls on the fountains of the glaciers 
in astonishing abundance, but lightly on the lowlands of the coast; 
and the temperature is seldom far below the freezing point. Back 
in the interior beyond the mountains the winter months are in- 
tensely cold, but fur and feathers and fuel abound there. 

The bulk of the woods is made up of two species of spruce and 
a cypress. The most valuable of these as to timber is the yellow 
cedar, or cypress; a fine tree, 100 to 150 feet high. The wood 
is pale yellow, durable, and delightfully fragrant. The Menzies 
spruce, or << Sitka pine," is larger and far more abundant than 
the first. Perhaps half of the forest trees of southeastern Alaska 
are of this species. The graceful Merten spruce or hemlock is 
also very abundant. Alaska has but few pines. The hard woods 
are birch, maple, alder and wild apple, forming altogether a 
scarcely appreciable portion of the forests. In the region drained 
by the Yukon the principal tree is the white spruce. I saw it 
growing bravely on the banks of rivers that fiow into Kotzebue 
sound, forming there the extreme edge of the Arctic forests. 

The underbrush is mostly huckleberry, dogwood, willow, alder, 
salmonberry vines, and a strange-looking woody plant, about six 
or eight feet high, with limber rope-like stems, and heads of 
broad leaves like the crowns of palms. Both the tftems and 
leaves are armed with barbed spines. This is the Echinopanax 
Tiorrtda, or devil's club ; and it well deserves both its names. 
It is used by the Indians as an instrument of torture, especially 
in the work of correcting witches. 

The ground is covered with a thick felt of mosses, about as 
clean and beautiful as the sky. On this yellow carpet no dust 
ever settles, and in walking over it you make no mark nor sound. 
It clothes the ravj earth, logs, rocks and ice warmly and kindly, 
stretching untorn to the shores of the Arctic ocean. 

The whole country is shining with perennial streams, but 
none of them, from the mighty Yukon, 2,000 miles long, to the 
shortest torrent rushing from the coast glaciers, has been fully 
explored. The Stikeen, one of the best known rivers of the 
territory, is about 350 miles long, and draws its sources from 
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the northern part of the broad Eocky Mountain plateau, in com- 
pany with some of the affluents of the Mackenzie and Yukon. It 
flows first in a westerly direction, then curving southward enters 
the Coast range, and sweeps across it in a canon that is about a 
hundred miles long, and like Yosemite valley from end to end. 
To the appreciative tourist sailing up the river the canon is a 
gallery crowded with sublime and beautiful pictures, an unbroken 
series of ice-capped mountains, cliiTs, waterfalls, lovely gardens, 
groves, meadows, etc. ; while the glaciers pushing forward 
through the trees vastly enhance its wildness and glory. 

Another interesting excursion may be made from Wrangel to 
the deserted village of the Stikeens. The moss-grown ruins are 
picturesque, and surprisingly massive and substantial considered 
as the work of Indians. Some of the wall planks are two and 
three feet wide, six inches thick, and forty feet long; while the 
car\'ed timbers that support the ridge poles, and the strange 
totem poles, display marvelous specimens of savage art. A few 
good specimens may also be seen at Wrangel. Similar monu- 
ments are made by all the tribes of the archipelago. Those of 
the Haidahs surpass all others in size and workmanship. 

While the Cassiar gold mines were being developed, Wrangel 
was the most important town in the territory, but Juneau is now 
the chief mining center. Nearly all the gold of Alaska is still in 
the ground. Probably not one of a thousand of its veins and 
placers has been yet touched. The color of gold may be found 
in almost every stream, and hardy prospectors are seeking their 
fortunes in every direction. Many have already made their waj^ 
into the vast region drained by the Yukon, and the developments 
thus far show that this northern portion of the gold belt of the 
continent is at least moderately rich, and mining may safely be 
regarded as one of the chief resources of the territory. 

From Wrangel the steamer goes up the coast to the Taku 
glacier and Juneau. After passing through the picturesque 
Wrangel narrows you may notice a few icebergs, the first to be 
seen on the trip. They come from a large glacier at the head of 
a wild fiord near the mouth of the Stikeen. When 1 explored it 
eleven years ago I found difficulty in forcing a way up the front 
through ten or twelve imiles of icebergs. My Indians told me 
they called this fiord **Hulti," or Thunder bay, from the noise 
made by the discharge of the ice. This, as far as I know, is the 
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Bouthmost of the great glaciers of the first class that flow into 
tide water. 

Gliding northward your attention will be turned to the moun- 
tains of the Coast range, now for the first time near and in full 
view. The icy cailons open before you as you pass in regular 
order showing their wealth. Now a bold headland will hold the 
eye, or some mountain of surpassing beauty of sculpture, or one 
of the larger glaciers seen directly in front, its gigantic arms and 
fingers clasping an entire group of peaks, and its broad, white 
trunk sweeping down through the woods, its crystal current 
breaking here and there in shattered cascades, with azure light 
in the crevasses, making you deplore your inability to stop and 
enjoy it all in cordial nearness. It was from one of these glaciers 
to the south of cape Fanshaw that the Alaska Ice company 
loaded their ships for California and the Sandwich islands. 

In a few hours you come in sight of more icebergs. They are 
derived from four large glaciers that discharge into the heads of 
the long arms of Holkam bay, or Sum Dum. Never shall I for- 
get the wild adventurous days spent there in the summers of 1879 
and 1880. 

At the mouth of the Taku inlet you encounter another fleet of 
drifting icebergs from the grand Taku glacier, twenty miles dis- 
tant. 

On one of my early exploring trips I stopped at an Indian 
village here and found it deserted. Not a single person was left 
on guard. For these people are so rich they have little to lose. 
My Indians said that the inhabitants were away catching and 
drying salmon. All the Indian villages are thus abandoned at 
regular periods every summer, while everybody goes to flshing, 
berrying and hunting-stations, occupying each in succession for 
a few weeks. Then after the summer's work is done, the winter 
supply of salmon dried and packed, flsh and seal oil stored in 
boxes, berries and spruce bark beaten and pressed, their hunts 
after wild goats, sheep and bears, brought to a close, their 
trading-trips made, and the year s stock of quarrels with the 
neighboring tribes settled, then, all at home in their big block- 
houses, they give themselves to pleasure, feasting, dancing, 
visiting, speech-making, drinking, etc. • 

The Taku inlet contains many glaciers, one of which belongs 
to the first-class. It makes a grand display of itself as it comes 
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down from its lofty fountains into the head of the fiord and sends 
off its bergs. To see this one glacier is well worth a trip to Alaska. 
At the time of my first visit, while I sat in my canoe, among the 
ice, sketching and watching the birth of the bergs as they plunged 
from the glorious crystal wall, two Indians, father and son, came 
paddling alongside, and with a good natured <<Saghaya" in- 
quired who we were and what we were looking for in such a place, 
etc. , while they in turn gave information about the river, their 
village and the glaciers up the main Taku canon. They were 
hunting seals, and as they shot away crouching in their tiny shell 
of a canoe, with barbed spear in place among the great blue over- 
hanging bergs, they formed a picture of arctic wildness as telling 
as may be found amid the drifts and fioes of Greenland. 

After leaving Juneau, where, it is claimed, you may see **the 
largest quartz mill in the world, "the steamer passes between 
Douglas and Admiralty islands into Lynn canal, the most sub- 
limely beautiful and spacious of all the mountain-walled channels 
you have yet seen. The Auk and Eagle glaciers are displayed 
on the right as you enter the canal, coming with grand effect from 
their far-reaching fountains and down though the forests. But 
it is on the west side of the canal near the head that the most 
striking feature of the landscape is seen — the Davidson glacier. 
It first appears as an immense ridge of ice thrust forward into the 
channel, but when you have gained a position directly in front, it 
is shown as a broad flood issuing from a noble granite gateway, 
and spreading out to right and left in a beatiful fan-shaped mass, 
three or four miles in width, the front of which is separated from 
the water by its terminal moraine. This is one of the most nota- 
ble of the large glaciers that are in the first stage of decadence, 
reaching nearly to tide water, but failing to enter it and send off 
icebergs. Excepting the Taku , all the great glaciers you have 
yet seen belong to this class. 

Shortly after passing the Davidson the northmost point of the 
trip is reached, and at the canning establishments near the mouth 
of the Chilcat river you may learn something about salmon. 
Whatever may be said of other resources of the territory — tim- 
ber, furs, minerals, etc. — it is hardly possible to exaggerate the 
importance of the fisheries. Besides cod, herring, halibut and 
other fishes that swarm over immense areas, there are probably 
more than a thousand salmon streams in Alaska, in some of 
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which at certain seasons there is more fish than water. Once I 
saw one of my men wade into the midst of a crowded run and 
amase himself by picking up the salmon and throwing them over 
his head. On rocky shallows thousands could thus be taken by 
hand in an hour or two. 

The steamer now goes down the. canal, through Icy strait, and 
into the wonderful Glacier bay. All the voyage thus far from 
Wrangel has been icy, and you have seen hundreds of glaciers 
great and small. But this bay and the region about it and be- 
yond it towards mount St. Elias is pre-eminently the Iceland of 
Alaska and the entire Pacific coast. 

Glancing for a moment at the results of a general exploration 
we find that there are between sixty and seventy small residual 
glaciers in th& California sierra. Through Oregon and Washing- 
ton, glaciers, some of them of considerable size, still exist on the 
highest volcanic cones of the Cascade mountains — the Three 
Sisters, mounts Jefferson, Hood, St. Helens, Adams, Tacoma, 
Baker, and others, though none of them approach the sea. 
Through British Columbia and southeastern Alaska the broad 
sustained chain of mountains extending along the coast is gener- 
ally glacier-bearing. The upper branches of nearly every canon 
are occupied by glaciers, which gradually increase in size to the 
northward until the lofty region between Glacier bay and mount 
St. Elias is reached. In Prince William sound and Cook's inlet 
many grand glaciers are found, but farther to the westward, along 
the Alaska peninsula and the chain of the Aleutian islands, 
though a considerable number of glaciers occur on the highest 
peaks, they are quite small and melt far above sea-level, while to 
the north of latitude (52°, few, if any, remain in existence; the 
ground being comparatively low, and the snowfall light. 

The largest of the glaciers that discharge into Glacier bay is 
the Muir, and being also the most accessible is the one to which 
tourists are taken and allowed to go ashore and climb about its 
ice cliffs and watch the huge blue bergs as with tremendous 
thundering roar and surge they emerge and plunge from the ma- 
jestic vertical ice- wall in which the glacier terminates. 

The front of the glacier is about three miles wide, but the 
central berg-producing portion, that stretches across from side to 
side of the inlet like a huge jagged barrier, is only about half as 
wide. The hight of the ice-wall above the water is from 250 to 
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300 feet; but soundings made by captain Carroll show that about 
720 feet of the wall is below the surface, while still a third por- 
tion is buried beneath moraine material. Therefore, were the 
water and rocky detritus cleared away, a sheer wall of blue ice 
would be presented a mile and a half long and more than a 
thousand feet high. 

The number of bergs given off varies somewhat with the tides 

and weather. For twelve consecutive hours I counted the num. 

« 

ber discharged that were large enough to be heard like thunder at 
a distance of a mile or two, and found the rate to be one in five 
or six minutes. When one of the fissured masses falls there is 
first a heavy, plunging crash, then a deep, deliberate, long-drawn - 
out thundering roar, followed by clashing, grating sounds from 
the agitated bergs set in motion by the new arrival, and the swash 
of waves along the beach. All the very large bergs rise from 
the bottom with a still grander commotion, heaving aloft in the 
air nearly to the top of the wall, with tons of water pouring down 
their sides, heaving and plunging again and again ere they settle 
and sail away as blue crystal islands ; free at last, after being 
held rigid as part of the slow-crawling glacier for centuries. And 
strange it seems, that ice formed from snow on the mountains two 
and three hundred years ago, should after all its toil and travel 
in grinding down and fashioning the face of the landscape still 
remain so lovely in color and so pure. 

The rate of motion of the glacier as determined last summer by 
Prof. Reid is, near the front, about from five to ten feet per daj'. 
This one glacier is made up of about 200 tributary glaciers, 
which drain an area of about a thousand square miles, and con 
tains more ice than all the eleven hundred glaciers of the Alps 
combined. The distance from the front back to the head of the 
farthest tributary is about fifty miles, and the width of the trunk 
below the confluence of the main tributaries is twentv miles or 
more. 

I made my first visit to Glacier bay toward the end of October, 
1879. Winter weather had set in ; young ice was forming in the 
sheltered inlets, and the mountains had received a fresh covering 
of snow. It was then unexplored and unknown except to 
Indians. Vancouver, who surveyed the coast nearly a hundred 
years ago, missed it altogether, on account, I suppose, of bad 
weather and a jam of ice across its mouth. 
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I had spent the best part of the season exploring the canon 
of the Stikeen river, and a little of the interior region on the di- 
vide of some of the southerly tribataries of the Yukon and 
Mackenzie. It was getting rather late for new undertakings when 
I returned to Wrangel, but eagerness to see some of the glaciers 
to the northward, however imperfectly, drove me on. Assisted 
by Mr. Young, the enthusiastic Alaska missionary, I succeeded 
in procuring a canoe and a crew of four Indians — Toyette, Kade- 
chan, Stikeen John, and Sitka Charle}*. Mr. Young who was anx- 
ious to learn something of the numbers and condition of the In- 
dian tribes that might be seen on the way, agreed to go with me. 
Hastily gathering the necessary supplies, we set forth October 
14th. While we were on the west shore of Admiralty island, in- 
tending to make a direct course up Lynn canal, we learned that 
the Ghilcat Indians were drinking and fighting, and that it would 
be unsafe to go among them until their quarrels were settled. I 
decided therefore to turn westward through Icy strait and go in 
search of Sitka Charley's wonderful << ice mountains. " Charley, 
who was the youngest of my crew, having noticed my interest in 
glaciers, told me that when he was a boy he had gone with his 
father to hunt seals in a large bay full of ice, and he thought that 
he could find it. 

On the 24th, as we approached an island in the middle of Icy 
strait, Charlie said that we must procure a supply of wood there 
to carry with us, because beyond this the country was bare of 
trees. Hitherto we had picked our way by Vancouver's chart, 
but now it failed us. Guided by Charlie, who alone knew any- 
thing of the region, we arrived late in what is now called '< Bart- 
lett bay,'' near the mouth of Glacier bay, where we made a cold 
camp in rain and snow and darkness. At daylight on the 25th 
we noticed a smoke, where we found a party of Hoonah seal-hunt- 
ers huddled together in a small bark hut. Here Sitka Charlie 
seemed lost. He declared the place had changed so much he 
hardly recognized it, but I succeeded in hiring one of the hunters 
to go on with us up the main Glacier bay, or ^ * Sita-da-ka, " as the 
Indians called it. The weather was stormy, cold rain fell fast, 
and low, dull clouds muffled the mountains, making the strange, 
treeless land all the more dreary and forbidding. About noon 
we passed the first of the low descending glaciers on the west 
side, and found a landing-place a few miles beyond it. While 
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dimp was being made I strolled along the shore, eagerly examin- 
ing the fossil wood with which it was strewn, and watching for 
glimpses of the glaciers beneath the watery clouds. Next day 
the storm continued, a wild southeaster was howling over the icy 
wilderness, and everybody wished to remain in camp. Therefore 
I set out alone to see what I might learn. Pushing on through 
mud and sludgy snow I gained at length a commanding outlook 
on a bald promontory, about 1,500 feet high. All the land- 
scape was smothered in busy clouds, and I began to fear that 
I had climbed in vain, when at last the clouds lifted a little, and 
the ice-filled expanse of the bay, and the feet of the mountains 
that stand about it, and the imposing fronts of five of the great 
glaciers, were displayed. This was my first general view of 
Glacier bay — a stern solitude of ice and snow and raw, newborn 
rocks, dim, dreary, mysterious 

I held my high ground, gained at such cost, for an hour or 
two, sheltering myself as best I could from the blast, while with 
benumbed fingers I sketched what I could see of the stormy land- 
scape, and wrote a few lines in my notebook. Then I beat my 
way back to camp over the snow-smothered ridges and bowlder 
piles and mud beds, arriving about dark. 

Mr. Young told me that the Indians were discouraged and 
would like to turn back. They feared that I had fallen, or would 
fall, or in some way the expedition would come to grief in case I 
persisted in going farther. They had been asking him what pos- 
sible motive I could have in climbing mountains in such miserable 
weather; and when he replied that I was seeking knowledge, 
Toyette remarked that Muir must be a witch to seek knowledge 
in such a place. 

After coffee and hard- tack, while we crouched in the rain 
around a dull fire of fossil wood, the Indians again talked dole- 
fully, in tones that accorded well with the growling torrents 
about us and the wind among the rocks and bergs ; telling sad 
stories of crushed canoes, hunters lost in snowstorms, etc. 
Toyette said that he seemed to be sailing his canoe into a 
^'skookum house" (jail) from which there was no escape, while 
the Hoonah guide said bluntly that if I was going near the noses 
of the ioe- mountains he would not go with me, for we would all 
be lost by bergs rising from the bottom, as many of his tribe had 
been. They seemed to be sinking deeper into dismal dumps 
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with every howl of the storm, when I reminded them that storms 
did not last forever; the sun would shine again; that with me 
they need fear nothing, because good luck followed me always, 
though for many years I had wandered in higher mountains than*, 
these, and in far wilder storms ; that Heaven cared for us and. 
guided us all more than we knew, etc. This small speech did 
good. With smiling reassurance Kadechan said that he liked to< 
travel with fearless people; and dignified Toyette declared he- 
would venture on, for my <'wa-wa was delait" (my talk was very 
good). 

We urged our way against ice and weather to the extreme head 
of the bay and around it, going up one side and down the other 
and succeeded in reaching all the main glaciers excepting those 
at the head of frozen inlets. 

Next to the Muir, the largest of the glaciers enters the bay at 
its extreme northwestern extension. Its broad, majestic current, 
fed by unnumbered tributaries, is divided at the front by an 
island, and from its long, blue wall the icebergs plunge and roar 
in one eternal storm, sounding on day and night, winter and 
summer, and from centurj' to century. Five or six glaciers of 
the first class discharge into the bay, the number varying as the- 
several outlets of the ice fields are regarded as distinct glaciers, 
or one. About an equal number of the second class descend 
with broad imposing currents to the level of the bay without 
entering it to discharge bergs; while the tributaries of these and 
the smaller glaciers are innumerable. 

The clouds cleared away on the morning of the 27th, and we 
had glorious views of the ice-rivers pouring down from their 
spacious fountains on either hand, and of the grand assemblage- 
of mountains immaculate in their robes of new snow, and bathed 
and transfigured in the most impressively lovely sunrise light I 
ever beheld. Memorable, too, was the starry splendor of a night 
spent on the east side of the bay, in front of two large glaciers 
north of the Muir. Yenus seemed half as big as the moon, while 
the berg-covered bay, glowing and sparkling with responsive 
light, seemed another sky of equal glory. Shortly after three- 
o'clock in the morning I climbed the dividing ridge between the- 
two glaciers, 2,000 feet above camp, for the sake of the night 
views; and how great was the enjoyment in the solemn silence- 
between those two radiant skies no words may tell. 
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That morning we had to break a way for the canoe through a 
sheet of ice half a mile wide, which had formed during the night. 
The weather holding clear, we obtained telling views of the vast 
expanse of the Muir glacier and made many sketches. Then fear- 
ing that we might be frozen in for the winter we hurried away 
back through Icy strait into Lynn canal. We then visited David- 
son glacier and the Indian village at .the mouth of the Chilcat 
river, where we obtained views of three other low descending gla- 
ciers of the same rank as the Davidson. Thence, turning south, 
homeward bound, we pajsed the Auk and Eagle glaciers, and bat- 
tled awhile with the bergs of Sum Dum, narrowly escaping being 
frozen among them. North of cape Fanshaw we were stormbound 
nearly a week ere we could visit the great glacier near the mouth 
of the Stikeen. November 20th we reached Wrangel, and our 
ice lessons for the season were done. 

Next year in August I again set out from Wrangel in a canoe 
and made more careful examination of the glaciers in Glacier bay, 
and of many new ones that I discovered during the season, the 
most noteworthy being those of Sum Dum and the immense glacier 
at the head of Taylor bay to the west of Glacier bay, in crossing 
which I encountered some exciting adventures. 

Again last summer I spent two months in Glacier bay, mostly 
on the Muir glacier getting acquainted with its higher fountains, 
studying the fossil forests about it and the rich and lovely flora 
of the lower ridges, etc. Fain would I describe the glories of 
those months in the ice- world — the beautiful and terrible network 
of crevasses, the clustering pinnacles, the thousand streams ring- 
ing and gurgling in azure channels cut in the living body of the 
glacier, the glorious radiance of the sunbeams falling on crystal 
dale and hill, the rosy glow of the dawn and sunset, the march of 
the clouds on the mountains, and the mysterious splendor of 
the auroras when the nights grow long, etc. , etc. , etc. But this^ 
would require a volume, while here I have only the space to add — 
Go to Alaska, go and see. 
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THE RELATION OF THE CRETACEOUS DEPOSITS 

OF IOWA TO THE SUBDIVISIONS OF THE 

CRETACEOUS PROPOSED BY MEEK 

AND HAYDEN. 

By S. Calvin, Iowa City, Iowa. 

The Cretaceous deposits of Woodbury and Plymouth counties 
are composed of sandstones, shales and certain calcareous de- 
posits. The heavier beds of sandstone belong to the basal por- 
tions of the series, barely rising higher than 40 feet above the 
level of the water in the Big Sioux river. The part of the col- 
umn to which these heavier sandstones are confined is however 
not all sandstone, but consists of arenaceous beds alternating 
with beds of argillaceous shales. Above the more massive sand- 
stones the beds, for a vertical distance of 50 or 60 feet, contain 
streaks and thin layers of sand, but shales preponderate. In cer- 
tain typical exposures these alternating beds are followed by from 
thirty to foii;y feet of pure shales, dark in color, smooth and 
unctuous to the feel, and containing the remains of saurians re- 
lated to Fl€siosauru8y teleost fishes, and, in the uppermost beds, 
impressions of Inoceramus, At the summit of the column, over- 
topping shales and sandstones alike, are the calcareous beds to 
which allusion has been made. These consist in part of soft 
chalky material and in part of more indurated, though still soft, 
beds of fissile limestone that divides under the hammer or on ex- 
posure to the weather, into relatively thin laminae crowded with 
detached valves of Jnoceramns problematicvs Schlot. 

In the portion of the section between the massive sandstone 
and saurian- bearing shale the beds are not everywhere constant. 
In some places they contain thin bands of ferruginous concretion- 
ary sandstone. At Riverside, for example, and at the works of 
the Sioux Paving Brick Co. , there is a mass of rather thin-bedded 
calciferous sandrock in the upper part of this division developed 
to a thickness of eighteen feet. 

A generalized section of the beds along the bluffs facing the 
Big Sioux river, omitting some minute details and averaging local 
peculiarities of certain beds, would be, beginning at the base of 
the series: 
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1. Irregular beds of sandstone, varying In color and texture, and 

interstratifled with thin beds of shale 18 ^ 

2. Grayish and mottled shales with thin ferruginous bands and 

arenaceous layers 12 ^ 

3. Massive sandstone, mostly soft; but in places containing 

large concretionary masses, several feet in diameter, In ap- 
pearance and hardness resembling quartzlte 10 ^ 

4. Shales with usually two, but sometimes more, well marked 

thin bands of ferruginous concretionary sandstone. ("But- 
tons" of the clay workers.) 16 ^ 

5. Band of impure lignite 4 to 6 Inches 

6. Blue, yellow and red mottled clays (terra cotta clays) with 

selenite crystals and some streaks of sand 30 ^ 

7. Argillo-calcareous or arenaceo-calcareous beds with much 

selenite (varying with locality) 20 -^ 

8. Shales more or lessunctlous to the feel, somewhat variable In 

color and texture, containing remains of saurlans and tele- 
ost fishes, the upper beds sometimes bearing impressions of 
Jnoceramua jfroblemaMcus 40 ^ 

9. Calcareous beds consisting of chalk and soft, thin bedded lime- 

stone, containing shells of Inoceramus prohlemaJticus^ Os- 
trea congesta^ and teeth of Otodus^ Ptychodvs and other 
selachians 30 ^ 

Beds that are quite constant and easily recognizable in the re- 
gion about the mouth of the Big Sioux river are Nos. 3,4,5,8 and 
9. These, either singly or collectively, become the guides whereby 
the beds of the several exposures may be correlated. The deposits 
were traced up the Big Sioux valley for a distance of forty miles ; 
they were followed up the Missouri river as far as Yankton. 

In addition to the deposits exposed on the Big Sioux, Dr. C. A. 
White, under the name of the Nishnahotna sandstone, refers to the 
Cretaceous age a series of sandstones developed to a thickness of 
100 feet along the river valleys in Montgomery, Cass, Guthrie and 
Greene counties. Referring to the work done by Mee^ and Hay- 
den on the Cretaceous deposits exposed along the Missouri river 
and noting the names employed by these authors to designate the 
various subdivisions of their << Earlier Cretaceous," Dr. White 
says: *' The Cretaceous strata of Iowa have so slight a develop- 
ment in comparison with those farther up the Missouri river, that 
it is difficult to determine their stratigraphical equivalents with- 
out actual comparison, which it has thus far been impossible to 
make. There is no doubt, however, that all the Iowa Cretaceous 
strata belong to the < Earlier Cretaceous ' of Meek and Hayden, 
nor any doubt that the lowest portions of ours is equivalent to a 
part of their Dakota group.*' (White's Geology of lotoa^vol. i, p. 
288,1870). Without attempting, therefore, to synchronize the Creta- 
ceous of Iowa with the Cretaceous formations studied by Meek 
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and Hajden, Dr. White applies to all the strata at Sioux City 
l3ring below the chalk the name of The Woodbury Sandstones and 
Shales, while the calcareous deposits composed of chalk and soft 
Inoceramus-bearing limestone he calls the Inoceramus beds. 

3elow the mouth of Iowa creek, about three miles nearly east of 
Ponca, Nebraska, the Missouri river washes the foot of a high 
bluff in which Cretaceous strata, identical in all essential respects- 
with those seen in Iowa above the mouth of the Big Sioux, are 
exposed to a hight of more than a hundred feet. The several 
beds of the preceding section, from 2 to 8 inclusive, are easily 
recognized, and at the summit of the section, cropping out from 
beneath the thick mantle of loess, are indications of the chalky 
beds of number 9. Farther up the river, almost directly north of 
Ponca, there is another splendid natural section which is more 
than a mile in length and at least 150 feet in hight. At the base 
of the section are the beds seen below the mouth of Iowa creek, 
while away above all the sandstones and shales lie from twent3'-five 
to thirty feet of rather hard chalk and InoceTamus-hesTing lime- 
stone. There can be no doubt that the beds near Ponca, 
Nebraska, are the exact equivalents of beds in Iowa. Indeed 
one may look away from the exposure at the bend east of Ponca, 
across the plain which is here the combined valley of the Mis- 
souri and Big Sioux, for a distance of only ten or twelve miles 
to the corresponding exposures in Iowa. In the two bluffs that 
look toward each other from opposite sides of the plain, you may 
trace the same succession of strata that, but for the erosion of 
the two great streams, would still be continuous across the inter- 
vening space. Furthermore the beds are about equally well 
developed on both sides of the valley. 

Now the exposure at the bend of the Missouri, three miles be- 
low Ponca, Nebraska, is described in detail by Hayden in the 
F^rst Annual Report of the United States Geological Survey of 
the Territories, 1867, pp. 47 and 48. The chalky, marly or 
calcareous beds, which are the exact equivalent of the Inoceramus 
beds of Iowa are referred to the Niobrara group. The dark col- 
ored shale, identical with number 8 of the preceding section is 
called the Fort Benton Group, while all the complex mass of 
alternating sandstones and shales in the basal part of the ex- 
posure is recognized as belonging to the Dakota group. 

Between Ponca and St. James, about thirty miles in a direct 
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line farther up the Missoori, the chalky beds of the Niobrara 
group crop oat on all the higher hill tops. The village of St. 
James is situated in the yallej of Bow creek, below the level of 
the chalk. In the eastern edge of the village is an exposure of 
Fort Benton shales, presenting the same characteristics as seen 
at a recent landslide on the farm of Williams and Smith, a few 
miles north of Sioux City in Iowa, and at the exposures near 
Ponca, Nebraska. This shale furnished a very perfect skeleton 
of a saurian, as it was penetrated in digging a cistern on Sec. 35, 
T. 90, B. 47, on the Iowa side of the Big Sioux. Another simi- 
lar skeleton, that was carried about the country some years ago 
for exhibition purposes, was taken from the same horizon near 
Ponca. A few weeks before my visit a portion of a skeleton, 
forty feet in length, was uncovered in excavating in the Fort Benton 
shales near St. James. On the tops of the hills near the mouth 
of Bow creek the dark Fort Benton shales are succeeded by the 
white or cream-colored chalk of the Niobrara division. 

St. Helena, about eight or nine miles above St. James, is situ- 
ated on a high bluff 130 or 140 feet above the level of the Mis- 
souri river. The bluff rises as a vertical wall almost from the 
edge of the water. Between the river and the vertical escarpment 
the base of the bluff is concealed by a talus composed chiefly of 
great blocks of chalk; but above the talus, and rising to a hight 
of forty feet above the water, is an excellent exposure of the 
dark shales of the Fort Benton group, differing in no essential 
respect from the corresponding shales exposed at the land slide 
above the creamery of Williams and Smith, or the shales occupy- 
ing the same stratigraphical position near Ponca and St. James. 
Above the Fort Benton shales lie 90 feet of soft chalk belonging- 
to the Niobrara. The Niobrara beds at St Helena exhibit some 
points of difference from those seen on the Big Sioux or on the 
Missouri across the valley in Nebraska. The valves of Inoceramuf 
are no longer present in such numbers, but some of the layers are 
crowded with Ostrea congesta. One impression of the peculiarly 
corrugated muscular scar of ffaploscapha grandis was noticed. 
The beds are uniformly chalky throughout, no part of the deposit 
being as much indurated as the /rtoceramu^-bearing beds near 
Ponca or Sioux City. The exposure at St Helena is probably 
one of the most striking and interesting along the river and Hay- 
den refers to it time and again in the work already cited. 
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At Yankton, South Dakota, a short distance above St. Helena 
and on the opposite side of the Missouri the Niobrara beds are 
developed in great force. A large factory has been established 
about three tnlles west of Yankton to utilize the chalk in the manu- 
facture of Portland cement. The part of the formation at pres- 
ent worked into cement lies above that exposed in the bluffs at 
St. Helena. It presents a breast about forty feet high. Below 
the base of the present working the chalk is known to descend to 
a depth of about ninety feet. The Fort Benton shales have dis- 
appeared beneath the level of the river; at all events they lie below 
the level of any observed exposures. On the hill tops above the 
cement factory the chalk of the Niobrara is overlain by the shales 
of the Fort Pierre group. Hayden speaks of this group making 
its appearance on the summit of the hills near the mouth of the 
Niobrara, but he might have found it 30 miles farther east devel- 
t)ped to a thickness of fifteen or twenty feet. 

The shales of the Fort Pierre group above the chalk, and of the 
Fort Benton group below, are highly charged with crystals of 
selenite, and selenite is by no means uncommon in the shaly por- 
tions of the Dakota group near Ponca and Sioux City. 

It only remains to say in conclusion with reference to the tax- 
onomy of our Iowa section, that beds one to seven inclusive are 
the stratigraphic equivalents of beds near Ponca, Nebraska, 
which Hayden refers to the Dakota group. Number 8 includes 
beds that at Ponca and St. Helena have been referred to the Fort 
Benton group by the same author, and the Inoceramus beds^ No. 9, 
are the exact equivalents of the lower twenty or thirty feet of the 
Niobrara group. A part of the Inoceramus beds near Sioux City 
IS soft and chalky; but a part, as has been said, is harder, though 
by no means as hard as ordinary limestone. At St Helena, 
Nebraska, and, so far as known, at Yankton, South Dakota, the 
beds are chalky throughout, the difference being doubtless due to 
the fact that the Sioux City area was nearer the shore line of the 
Cretaceous sea in which the beds were deposited. At Ponca In- 
oceramus is about as common as at Sioux City, but the strata in 
which the shells are embedded are lithologically intermediate be- 
tween the condition of the /noceramt^-bearing layers at Sioux 
City and the condition observed in the basal parts of the Niobrara 
group at St. Helena. Furthermore the beds referred by Hayden 
to the Dakota and Fort Benton group are as well developed at Sioux 
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City as at Ponca. At Sioux City, however, we have only the 
attenuated edge of the Niobrara, but that fact in no way disquali- 
fies so much as is developed from being the stratigraphical equival- 
ent of the lower portion of the group as seen in greater force 
farther up the river. 

The three divisions of the Cretaceous recognized at and near Sioux 
City in reality represent continuous sedimentation over a gradually 
subsiding sea bottom. The sandstones and shales of the Dakota 
group with respect to their lower portions at least, were accumu- 
lated in a rather shallow land-locked sea. Currents swept the sand 
back and forth, sometimes building up, and again tearing down, 
previously constructed beds, and so produced the fine examples of 
cross bedding, or current structure, so well illustrated near Spring- 
dale a few miles northeast of Sioux City. The few molluscan 
species found in the lower part of the Dakota group indicate the 
presence of brackish water. The numerous vegetable remains 
which characterize the group imply that the large volumes of 
drainage water which maintained the conditions favorable to the 
existence of brackish water mollusks, carried not only sands, but 
swept in leaves and trunks of the willow, poplar, magnolia and 
other forest trees, from the adjacent lands. 

As the waters became gradually and progressivel}' deeper owing" 
to subsidence of the sea bottom, the conditions favoring the accum- 
ulation of sandstones and the existence of brackish water mollusks 
disappeared. The shore line was shifted farther to the east. The 
sediments of the region about Sioux City became finer and set- 
tled down in regular layers beyond the reach of disturbing currents. 
The downward movement of the sea bottom seems not to have 
been altogether constant during the epoch of the Dakota group. 
There were occasional oscillations that from time to time permitted 
the formation of thin beds of sandstone, but before the close of 
the epoch the amount of sand that reached as far as Sioux City 
was insignificant and fine clay shales greatly predominated. The 
shales of the Dakota group gradually merge into those of the Fort 
Benton. During the second epoch the subsidence had carried the 
shore line so far to the east that all coarse sands were deposited 
before reaching the area in question. Before the Fort Benton 
epoch began the brackish water estuary had long been trans- 
formed into a portion of a clear, open sea. At all events during 
that epoch true marine mollusks such as Inoceramtu and Ostrea 
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had supplanted Cyrena and Margaritana, while marine saurians 
and teleost fishes multiplied and became the dominating types of 
the oceanic realm. 

The soft limestone and softer chalk of the Niobrara group are 
indicative of deeper water and remoter shores. No gross sedi- 
ments from the land reach as far as Sioux City. Not since the earlier 
part of the Dakota group had it been possible for leaves and 
twigs of forest trees to be carried into the region. It was during 
the Niobrara epoch that the subsidence reached its maximum, and 
the maximum extension eastward of the Cretaceous sea was at- 
tained. At the close of the Niobrara the upward movement of 
the land began ; the sea withdrew, and shales of the Fort Pierre 
group were deposited above the chalk from Yankton westward. 

When we recall the fact that the three groups recognized at 
Sioux City and Ponca represent the effects of continuous sediment- 
ation over a subsiding sea bottom, it will be seen that the question 
of dividing the sediments into distinct groups at all is simply one 
of convenience. Furthermore, any lines that can be drawn 
between the divisions, if divisions are to be made at all, must be 
to a large extent purely arbitrary. The upper portions of the 
Dakota merge gradually into the Fort Benton, while the Fort 
Benton group passes by gradual transition paleontologically, and 
in some places lithologically, into the calcareous beds of the 
Niobrara. 

Farther west, where the sea was deeper and the conditions pre- 
sumably more uniform, the distinctions between some of the 
groups cannot be maintained, and King has combined the deposits 
of the Fort Benton, Niobrara and Fort Pierre epochs under the 
single designation of the Colorado group. Hayden acquiesces in 
this arrangement in his annual report for 1874, but later in his 
report for 1877 he makes the Colorado group include only the Fort 
Benton and the Niobrara, while the two upper divisions, the Fort 
Pierre and the Fox Hills, are united under the name of the Fox 
Hills group. The Dakota group, with its coarse sandsUmes and 
leaves of forest trees is still recognized as a distinct division. 

And this leads to another consideration that is of wide-reaching 
importance in the correlation of synchronous geological deposits. 
The sandstones at the base of the Dakota group, near Sioux City, 
owe their physical and even their paleontological characters to 
conditions prevailing near the shore. As the bottom subsided 
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und the shore was moved farther to the east, the character of the 
deposits at Sioux Clly changed, but coarse, cross-bedded sand- 
stones and other littoral deposits, charged with leaves and twigs 
of fbrest trees, must still have been formed in proximity to the 
new shore lines. Even while the chalk and limestone of- the 
Niobrara epoch were being precipitated over western Iowa, from 
solution in clear sea water that contained no trace of sediment, 
sandstones and shales containing numerous impressions of leaves 
and branches of terrestrial plants must still have piled up along 
that more remote eastern shore. But if the shore deposits of the 
Niobrara epoch could now be found, it is probable that every com- 
petent geologist or paleontologist would refer them unhesitatingly 
to the Dakota group. Deposits absolutely synchronous may 
present very wide extremes of lithological and paleontological 
•characteristics. It is possible, I think, to recognize a law which I 
have not seen expressly formulated, but which may run some- 
thing in this wise: — Synchronous deposits of the same geologic 
houin are more likely to present uniform lithological and paleon- 
tological characteristics if the geologist traces them along a line 
parellel to the shore of the basin. If the observations are made 
nlong a line that is radial to the geologic basin or at right angles to 
the trend of the shore, the different parts of (Absolutely synchronous 
beds are almost certain to vary in lithological and paleontological 
characteristics so much as sometimes to make it appear that differ- 
ent parts of the same bed belong to different geologic epochs. 

This law may have greater force in connection with the study 
of Mesozoic and Cenozoic strata than in the studv of the more 
ancient terranes, but even among the Paleozoics it must frequently 
have an important application. 



SOME RECENT CONTRIBUTIONS TO THE GEOL- 
OGY OF CALIFORNIA. 

By H. W. Tubnkr. Washiuflrton, D. C. 
Geology of the Mother Lode Gold Belt; by Harold W. Fairbanks; 
Ambbican Geologist, vol. vii., 1891, pp. 209-232. 

In this paper Mr. Fairbanks gives the chief results of a sea- 
son's field work along the Mother lode. The author shows a famil- 
iarit}' with modem lithology, and the paper may be regarded as 
the most important contribution to the geology of the Mother lode 
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since the publication of profeseor Whitney's ^^Anriferons (travels 
of the Sierm Nevada," in 1880. 

From most of the published material on the subject one 
gathers the idea that the quartz deposits forming the Mother lode 
occur uniformly in black clay slates, shown by professor Whitney 
to be of Mesozoic age. Mr. Fairbanks is perhaps the first to have 
indicated that the Mother lode fissure does not follow this belt of 
slates at all points. In Tuolumne county it is noted as cutting 
*<a knob of granite one thousand feet across." At another place, 
p. 221, Mr. Fairbanks states that <<the formation of the Mother 
lode is the final event in the history of these rocks; no dikes inter- 
sect it, and the fissure has broken through all the foimations that 
lie in its path." 

That the lode occurs in southern Calaveras county, to the 

east of the <<Mariposa slates,"* does not seem to have been noted. 

There is a small amount of black clay slate of unknown age at 

Angel's in one of the mines, but the country rock there is a green 

amphibolite-schist and the main belt of black slates lies a mile or 

more to the west The United States Geological Survey has 

obtained additional evidence of the Mesozoic age of these slates 

within the past two years. At the Texas ranch, which lies two 

and a half miles southwest of Angel's, and to the west of Angel's 

creek, Aucella and ammonites have been found, and an ammonite 

was obtained from Mr. J. W. Bliss, said to have been found in 

the black slates about two miles west of Angel's on a branch of 

Cherokee creek. 

On page 219 Mr. Fairbanks makes this statement: <'The 

evidence of fossils recently found in limestone in Tuolumne and 

Calaveras counties is supposed to favor the Carboniferous rather 

than the Jurassic. The fossils are few and quite fragmental, and 

*The Mesozoic black clay slates of the gold belt contaiDlng Aucella^ 
ammonites, and belemnltes, have been designated * 'Mariposa slates" on 
the forthcoming maps of the United States Geological Survey. 

There are two main belts of rocks of this series,an eastern belt contain- 
ing much of the Mother lode, and a western belt extending from Folsom 
to Salt Spring valley west of the Bear mountains, and further south. 
The western belt contains numerous small quartz veins, but these have 
not yet been shown to be highly auriferous. 

The locality called Wilkinson^s ranch in Whitney's Auriferous 
Gravels, p. 37, near White Rock station In Sacramento county, Is on this 
western belt of slate. According to professor Whitney, an ammonite 
was obtained there. The writer found fossil helemnUes in Salt gulch 
about two miles northeast of Campo Seco in Calaveras county, and what 
may also be a belemnite fragment in the clay slates that cross the 
Tuolumne river a little east of Lagrange. 
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it seems to me that the evidence is not yet suflScient to classify the 
limestones of the middle Sierras as Carboniferous." In this connec- 
tion it might be well to state that the United States Geological Survey 
has obtained specimens of Funlina cylindrical ZapArenhj,and abun- 
dant Toonded crinoid stems in limestone in the older rocks of the 
Bear moontains and their continuation northward. According to Mr. 
C. D. Walcott, who is regarded as authority both here and in 
Europe, Funlina is not known to occur below the Carboniferous 
or higher than the group usually called Permian, which is so 
closely related to the Carboniferous that it has been relegated to 
that period by the United States Geological Survey. 

The above belt of Carboniferous rocks of the Bear mountains 
lies just west of the great diabase mass that forms the high ridge 
of which Bear mountain and mount Joaquin are culminating 
points. The rocks of it are not in general greatly altered, and 
consist of fine-grained siliceous rocks (phthanites),* quartzite and 
limestone, with a good deal of black argillaceous schist 

The broad belt of older rocks lying to the east of the Mother 
lode is much more altered than this belt of the Bear mountains. 
Nevertheless, the fossils found in the limestones of this eastern 
belt are the same. Fusilina cylindrica and rounded crinoid 
stems were found by the writer in the limestone at Hite's Cove in 
Mariposa county, and rounded crinoid stems occur in the lime- 
stone at Cave City and other points along the great belt of lime- 
stone. 

The prevalent rocks of this eastern belt of older rocks are argil- 
laceous and mica schists, quartzite, and limestone, which is us- 
ually crystalline. 

The term < ^Calaveras formation," as used by the United States 
Greological Survey on the geological maps of the Gold Belt, Includes 
all of the Paleozoic sedimentary rocks of the Sierra Nevada. The 
two belts of rock just described thud belong to the < ^Calaveras 
formation." 

Mr. Fairbanks considers the serpentine of the SieiTa Nevada as 

*The term p?it/iatiite is used by the writer to include all the very fine- 
grained siliceous rocks which have not been subjected to sufficient pres- 
sure to be rendered schistose, and in which the silica is largely second- 
ary. These rocks are presumed to have been originally shales and lime- 
stones. The silicified shales or Jaspery rocks of the Coast ranges and 
Lydian-stone or kiesel-schi^er as defined by Gelkie in his Manual of 
(Geology, 1885, p. 122, are included in this term. The term MesetrscM^ 
fer^ or siliceous nchist, is evidently misleading, since the rocks so-called 
are not schistose. 
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derived from eraptive rocks, and this origin has been substantiated 
by the United States Geological Survey, as may be seen in the 
text of the Sacramento and Placerville sheets, which are now being 
published, and which form part of the series of the geological maps 
of the Gold Belt now being issued under the authority of Mr. G. 
F. Becker. The author is probably right also in r^arding some 
of the granite as later than the serpentine. That it is later than 
some of the serpentine appears certain from its cutting off the 
serpentine belt to the southeast of Placerville, as may be seen on 
the Placerville geological atlas sheet; and a dike of granitoid rock 
is intrusive in the serpentine area that lies two and a half miles 
northeast of Oleta in Amador county. Mr. Fairbanks states that 
some of the granite is later than the Mother lode slates, since south 
of Mariposa it has cut off and metamorphosed them, and the Mari- 
posa slates at Folsom have been found b}' Mr. Lindgren to have been 
altered by the intrusion of the granite. 

The fact that the large white masses forming portions of the 
Mother lode are not entirely quartz, but consist in part of a white 
magnesian mineral resembling dolomite, is referred to. This was 
first brought out by professor Whitney, who, to account for the 
occurrence of these large masses, writes as follows:* 

< *But this immense mass of quartzose, dolomitic and magnesitic 
material, to which the name Mother lode, or Great Quiu'tz vein, is 
applied, is not by any means proved to be a fissure vein or even- an 
exclusively segregated one. It will require much more study than 
it has 3'et received before its real character can be stated with 
confidence. To the writer, it seems, from present evidence, most 
likely that it is the result of metamorphic action on a belt of rock 
of peculiar composition, and perhaps largely dolomitic in char- 
acter. " 

On page 217 Mr. Fairbanks presents a somewhat similar theory 
as follows: < *That those portions of the lode so enormously ex- 
panded are simply coarse basic dikes of no great regularity or 
continuity, which, lying in the course of the fissure, have been 
acted upon in a peculiar way by the penetrating liquids and gases. 
These, through metasomatic processes, have removed part of the 
original constituents and substituted others. A strong confirma- 
tion of this theory is found in a large body of unquestionably 
eruptive rock, near Jamestown, Tuolumne county, and about half 

*Auriferous Gravels of the Sierra Nevada, p. 332. 
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a mile from the Mother lode. It has very much the same appear- 
ance as the vein matter of the lode, except that there is no mari- 
posite. It is seamed with small veins of quartz and in surface 
decay produces the same red oxide of iron. The only real differ- 
ence is that the process of substitution is not so complete as in 
the Mother lode. Dikes that have undergone a partial change 
often occur penetrating the Mother lode vein matter, and at times 
they are slightly impregnated with mariposite. " 

Mr. Fairbanks' theory is a very plausible one, and it would 
seem probable that a thorough study of the Mother lode material 
and of this igneous mass b}^ means of their sections, would sub- 
stantiate this view if true. 

Stratigraphy and Saccesslon of the Rocks of the Sierra Nevada in Cal- 
ifornia; by Jamrs £. Mills; Bull. Geol. Soc. Am., vol. 3, pp. 413-444. 

Mr. Mills in this paper divides the rocks of the Sierra Nevada 
into three groups: 

Pre-Mesozoic, consisting of sedimentary slates and quartzites,* 
and eniptive granite. 

Lower Mesozoic, consisting of slates, greenstones and lime- 
stones. 

Upper Mesozoic, consisting of thinly laminated argillites (day- 
slates and argillaceous schists) and serpentine. 

According to Mr. Mills, granite is the chief pre-Mesozoic rock. 
His evidence of its age consists in his not having found it intru- 
sive in the Mesozoic rocks and in having found pebbles of it 
in a Mesozoic conglomerate (p. 429). This evidence, if correct, 
is entirely sufficient, but must apply to very little of the granitef 
oi the Sierra Nevada. The writer found the granite at Mount In- 

*Quartzite is perhaps properly defined as a slliclfied sandstone In 
which the original quartz grains have been enlarged by the addition of 
secondary silica so that there are no longer Interspaces between them, 
but they either dovetail into one another, or present a true allotrlo- 
morphlc structure. Mr. Mills, however, uses the term to Indicate almost 
any highly siliceous rock. Thus on p. 425 both diabase and serpentine 
*'are still further frequently altered to quartzltes." Again on p. 423 he 
says: "In both cases the quartzlte is probably a product of alteration 
of the (granite itself.*^ This use of the term quartzlte is still further 
exemplified on p. 440. 

fThe granite of the Sierra Nevada contains but a small amount of 
alkali, and is more correctly called a quartz-mica-dlorlte. Dr. Becker 
has Introduced the term QranodiorUe for the alkali-poor granitoid rocks 
-ot the Sierra Nevada. (See the text that accompanies the geological 
maps of the Qold Belt now being issued.) 
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galls intrusive in the metamorphic tuffs that oontain, on Little 
Grizzly creek, fossils of Carboniferous age. 

Mr. J. S. Diller, in the text of the Lassen Peak sheet, states that 
< ^On the southwest slope of Chip creek the sedimentary rocks in 
contact with the diorite were greatly altered at the time of its 
eruption/' showing the diorite to be the younger rock. The 
diorite referred to is the quartz-mica-diorite of the Spanish Peak 
area. Mr. Diller considers these sedimentary rocks, however, 
of Paleozoic age, and there is thus at present no evidence ex- 
tant that the granite of Plumas county is intruded into rocks 
later in age than the Carboniferous, but there is evidence that 
much of the granite of the Sierra Nevada further south is of 
Mesozoic age. 

Since the fall of 1885, Mr. Waldemar Lindgren and myself 
have been engaged, under the authority of Mr. G. F. Becker, in 
studying the geology of the central Sierra Nevada. Over seven 
thousand square miles of the Gold Belt have been carefully map- 
ped, and the relations of the intrusive rocks, granite or grano- 
diorite, gabbro, diabase, et cetera, to the sedimentary rocks and 
to each other have been studied at many points. The results 
show that the granite is almost invariably of younger age than the 
associated sedimentary' rocks. Much of it is later than the dia- 
base, which is placed by Mr. Mills in the Lower Mesozoic group. 
Thus to the southwest of Piacerville (see Placerville geological 
atlas sheet) the granite has displaced the great diabase dike that 
lies just west of the Mother lode area of ^'Mariposa slates." 

In the southern Sierra Nevada, at Mineral King, there is a body 
of Triassic rocks containing fossils enclosed in the granite which 
there forms the bulk of the range. As has been noted in the 
review of the paper on the Mother lode, the granite to the south of 
lyfariposa is said by Fairbanks* to have cut off and metamorphosed 
the sedimentary series, including the Mesozoic Mariposa slates; 
and Mr. Lingreen found the Mariposa slates at Folsom to have 
been metamorphozed by the granite. It can then be stated with 
some confidence that much of the granite of the Sierra Nevada is 
post-Paleozoic in age. 

The lower Mesozoic group is characterized by large masses of 
greenstones, by which term Mr. Mills appears usually to mean 
rocks of the diabase series. In conglomerate in the Calaveras 

*Teiith Ann. Bep. State Mineralogist, California, p. 25. 
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formation, and apparently interstratified with limestone contain- 
ing Carboniferous fossils, in Calaveras county, are pebbles of dia- 
base. Some diabase is presumably, therefore, of pre-Mesozoic age. 
The western belt of the Calaveras formation contains consider- 
able areas of f ragmental rocks of the diabase and prophyrite series. 
These areas present every evidence of being of the same age as 
the enclosing sedimentary rocks, that is, Carboniferous. (See 
Placerville and Jackson atlas sheets. ) 

On page 437 is described a belt of argillite and limestone that oc- 
curs between Campo Seco and Mokelumne hill. Mr. Mills refers this 
belt to his Lower Mesozoic, apparently on its general lithologic char- 
acter. This is the western belt of the Calaveras formation al- 
ready referred to, and the limestone of this belt contains Ffisilina 
cylindrical which has thus far not been found higher than the 
Permian. 

The Upper Mesozoic group of Mr. Mills is characterized by 
thinly laminated slates and serpentine. The latter rock appears 
to occur chiefly in the lower part of the Upper Mesozoic. Thus 
on page 431, <<It is plain, therefore, that in the ascending ser- 
ies the serpentines and the slates which accompany and replace 
them came before the thinly laminated slates, and that the latter 
are at the head of the whole series of metamorphic rocks of the 
Sierra.*' 

Northeast of Pence's ranch, in Butte county, is a group of 
older sedimentary rocks, in the limestone of which are rounded 
crinoid stems, and in the same limestone Ptoductu$ MemireticulatuM 
and Spirt/er lineatus were recognized by Mr. W. M. Oabb, of the 
State Geological Survey of California. These fossils are char- 
acteristic of the Carboniferous, yet Mr. Mills (page 434), appar- 
ently merely because of the association of serpentine with these 
rocks, <<sees no reason to doubt that these limestones with 
accompanying slates, greenstones and serpentines" arc of Mesozoic 
age. 

As may be seen on the Jackson geological atlas sheet, soon to 
be published, large amounts of amphibolite-schists (part of Mr. 
Mills' Lower Mesozoic greenstones) are included in the area of 
the ^'Calaveras formation" to the north of Angel's, which is so far 
as known of Paleozoic age. These schists are dynamo-metamor- 
phic rocks which were largely diabase originally and have been 
subjected to the same displacements as the enclosing sedimentary 
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schists, strongly suggesting their being about of the age of these 
schists. 

All of the evidence gathered by the United States (Geological 
Survey goes to show that Mr. Mills' subdivisions of the pre- 
Tertiary rocks of the Sierra Nevada do not hold for the great 
mass of the central part of the range. 

It is also certain that the areas, as mapped by Mr. Mills (see 
plate 13) about the American valley, will need much modification. 
Thus a belt of argillite containing limestone* with Silurian fossils 
has been traced by Mr. Diller and the writer into the large Lower 
Mesozoic area of the Grizzly mountain, and Mr. Diller has collected 
both Triassic and Carboniferous fossils in Mr. Mills' Lower Mesozoic 
area to the east of Red hill between the north fork and east branch 
of the north fork of the Feather river. 

The pre-Cretaceous age of the metamorphic rocks of the California Coast 
ranges; by Harold W. Faibbanks; Amkbican Geologist, March, 
1892. 

In this paper Mr. Fairbanks seeks to prove that the peculiar 
metamorphic rocks of the Ooast ranges, silicified shales or phthan- 
ites, glaucophane schists and hardened sandstones are not altered 
forms of the lower Cretaceous (Neocomian) shales and sandstones 
as held by Whitnej' and Becker, but thatthe}^ represent an older se- 
ries on which the Neocomian rocks (the Knozville beds) and later 
Cretaceous are unconformably deposited. 

In a paper on the <<Geology of mount Diablo, California,"! the 
writer assumed that the silicified shales and hardened sandstones of 
that mountain were of the same age as the Knoxville beds, although 
he found no convincing proof of this. He considered, however, 
that the diabase and serpentine at mount Diablo are of igneous 
origin, which conclusion Dr. Becker, after a visit to the district, 
concurred in. 

The diabase at mount Diablo seems clearly intrusive in the 
phthanites and hardened sandstones, and the metamorphic char- 
acter of these sedimentary rocks may be ascribed in part to the 
heat of the intrusive diabase. 

Supposing the diabase to be later than the Knozville shales, it was 
thought remarkable, and noted in the paper above, that no dia- 

I'Thls Is the Montgomery limestone of Mr. Diller. See Bull. Geol. 
Soc. Am. vol. Ill, p. 376. 

fBull. Gtool. Soc. Am., vol. 3., pp. 383-414. 
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base dikes cat these shales, and during several years' field work 
in the Coast ranges as assistant to Dr. Becker, the writer can 
remember no cases of undoubted dikes of diabase in sedimentary 
rocks containing Cretaceous fossils. 

Supposing Mr. Fairbanks to be correct in considering the Coast 
range metamorphic rocks as pre-Cretaceous in age, it is likewise 
probable that the diabase is also of pre-Cretaceous age. 

The serpentine at mount Diablo, however, was clearly shown to 
have been intruded as a dike into the Knoxville shales which, like 
the dike, stand vertical and contain specimens of Aiicella on either 
side of the dike. 

There is therefore no doubt of the post-Knoxville age of some 
of the serpentine of the Coast ranges. Mr. Fairbanks seems like- 
wise of the opinion that the serpentine of the Coast ranges is of 
post-Knoxville age, having obtained evidence of this in Tehama 
and Colusa counties (see p. 164 of his paper). 

The gabbro described in the bulletin on mount Diablo above 
referred to as occurring in Bagley creek appears to be a dike in the 
Knoxville shales which contain Aucella on both sides of the dike. 
This gabbro was thought to be connected genetically with the 
pyroxenite-serpentine area shown on the geological map. It is 
probable, therefore, that some of the gabbro of the Coast ranges 
is post-Knoxville in age. 

Professor Whitney came to the conclusion that the silicified 
shales or phthanites at mount Diablo passed over into the unalter- 
ed Knoxville shales which contain Aucella, The best proof of this 
would be to find the Aucella in the silicified shales, and this may 
well be possible, for while these rocks have been thoroughly im- 
pregnated with silica and then broken up, and re-cemented by 
silica they have not been subjected to such pressure as to be ren- 
dered schistose. Mr. Lindgren found in microscopic sections 
organic forms which were considered by professor Leidy probably 
to be tests of Foraminifera, and these tests, though silicified, 
retain their spherical form. So far as known to the writer, no 
moUuscan shells have been found in the silicified shales. 

If the Knoxville beds are deposited unconformably on the 
Coast range metamorphic series, it is certain that the basal mem- 
bers of these beds would contain the debris of the metamorphic 
series. Mr. Fairbanks appears to have noted nothing on this 
point. 
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While miEiking a geological map of the Knozville district for 
Dr. Becker about eight years ago the writer found conglomerates 
in the Knoxville beds at several points. A collection was made 
of the pebbles and matrices of these conglomerates, which speci- 
mens have been recently re-examined by the writer with the aid 
of thin sections. 

One of these conglomerate beds lies about two and a half miles 
southeast of the furnaces of the Reed quicksilver mine, just north 
of the basalt area. The matrix of this conglomerate ( No. 75, Knox- 
ville collection) is a tuffaceous* sandstone containing well preserved 
specimens of Aucella^ so that its age is certain. It is composed 
of fragments of augitej quartz and a little hornblende, with chlorite, 
calcite and serpentine present as decomposition products. There 
are also numerous microlitic igneous fragments, which frequently 
contain larger crystals of augite and plagioclase and are evidently 
of the porphjrrite series. Some other rounded fragments seemed 
to be phthanite. Augite is so abundant in the rock as seen 
in thin section that it might almost be called a diabase-tuff. 
This rock seems likely to have been formed from material derived 
chiefly from the secular disintegration of rocks of the diabase ser- 
ies. One of the larger pebbles imbedded in this matrix is a dia- 
base-tuff; another is a typical porphyrite, with idiomorphic plagio- 
clase phenocrysts. 

Some conglomerate collected about 650 feet northeast of 
the last locality is composed largely of small pebbles of fine-grained 
siliceous rocks apparently indistinguishable from phthanite and, 
like that rock, cut by numerous minute quartz veins. 

At the point called Chaparral Station on the geological mapt of 
the district occurs a coarse conglomerate containing pebbles of 
quartz-porphyrite, and of a granular rock composed chiefly of 
feldspar and quartz. 

The exposures at Knoxville are excellent and a thorough study 
of these conglomerates and of the metamorphic rocks there ought 
to determine the question whether or not the metamorphic 
series is older. Certainly the facts given above seem to prove 
that the phthanite and diabases are older than the Knoxville 
beds. 

^*Th{s adjective being derived from iu:ff should obviously be spelled 
with two Ts aud thus distinguished from tufaceouSy which is derived 
from tufa, 
_ fSee the atlas accompanying Becker^s Quicksilver Deposits. 
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Dr. Becker* has also called attention to conglomerate in the 
Shasta beds at Riddles, Oregon. He writes in regard to it as 
follows: < 'Limestone is more abundant at Riddles than in any 
part of the early Cretaceous area in California that I have studied, 
and the conglomerates are much more extensively developed. 
These seem to form the upper layer of the fossiliferous series in 
Oregon. They are very coarse and at points in the neighbor- 
hood the mass is hundreds of feet in thickness. This conglome- 
rate is evidently extensive. Mr. Brown informed me that he 
had traced it continuously for over twenty miles. It is note- 
worthy that the pebbles of the conglomerate are composed largely 
of highly metamorphic rock, indicating a period of dynamo- 
chemical action prior to the uplift of the fossil-bearing strata." 

While the position taken by Mr. Fairbanks may be correct, it 
does not appear to the writer that the evidence presented in his 
paper is convincing. Mr. Fairbanks fails to find any line of 
demarkation between the metamorphic rocks of the Klamath 
mountainst and those of the northern Coast ranges. After quot- 
ing Whitney to the effect that there is no physical break between 
the two groups of ranges, and giving evidence of the pre-Cretao- 
ceous age of the Klamath mountains, he says, p. 159: *< After a 
most careful tracing of the older rocks of Shasta county south- 
ward, I find it utterly impossible to draw a line of demarkation 
between them and the metamorphics of either Tehama, Colusa, 
Lake or Napa counties. There is no physical break." 

That the Coast ranges and the Klamath ranges are topographi- 
cally continuous is apparent to anyone who will examine a map 
of northwestern California. The question, however, is not as to 
there being a physical break, but as to the different geological 
ages of the rocks of the two groups of ranges. 

It has been proven, chiefiy through Mr. J. S. Diller,that the Kla- 
math mountains are made up of Jura-Trias and Carboniferous 
rocks, a continuation in fact of the auriferous slate series of the 
north end of the Sierra Nevada. The evidence on this head will be 
presented in a forthcoming paper in the bulletin of the Oeologi- 
cal Society of America by Mr. Diller. 

*Ball. Oeol. Soc. Am., vol. 2, p. 203. 

fThis term has been introduced by major Powell for all of the high 
mountains in northwestern California, including Scott, Trinity, Yallo 
Bally, Bully Choop, etc. See text of Lassen Peak sheet by J. S. Diller. 
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Mr. Fairbanks also found several localitiesI'Of fossils in these 
mountains, but does not state what the fossils are. 

Mr. Diller in the article above referred to, and Mr. Stanton, 
in a paper in the same bulletin, also soon to be published, produce 
evidence of the unconformity of the Cretaceous series of the 
Coast ranges, from the Knoxville beds to the Chico beds inclus- 
ive, on the Triassic and Carboniferous rocks of the Klamath moun- 
tains, and find evidence also of continuous sedimentation in 
northwestern California in the Cretaceous series as shown by the 
fossils. 

If, therefore, the metamorphic rocks of the Coast ranges can 
be shown to be of the same age as the metamorphic rocks of the 
Klamath mountains, then the entire series must be pre-Creta- 
ceous in age. No positive evidence on this head seems yet to have 
been produced. The two sets of rocks are very different litho- 
logically, the rocks of the Klamath mountains having been 
brought into their present metamorphic condition chiefly by 
dynamo- metamorphic alterations, while the metamorphism of the 
Coast Range series is more a chemical one, characterized particu- 
larly by silicification, although dynamo-metamorphism also played 
an important part. 

From the following extract from the Geology of California, vol. 
I, J. D. Whitney, p. 363, it would appear that the line of de- 
markation between the two sets of rocks is quite sharp: <<At 
and north of Crescent City, a plain stretches along the ocean for 
about twenty miles, having a width of six or seven miles in 
places. The metamorphic slates make their appearance along 
the beach, as is well seen about four miles to the east of the 
town, where the sea washes the base of the hills. These slates 
continue south to the month of the Klamath river where as we 
are told there is an entire change in the character of the forma- 
tion, the metamorphic rocks of the Coast ranges coming down to 
the sea at this point and extending along the shore far to the 
south. The auriferous slates crop out in reefs and on the main 
land near Crescent City, forming the promontory near which 
the town is built, and thev extend north for a mile or more where 
they disappear under a covering of Tertiary sandstone. " 

Mr. Diller also informs me that in going west over the Kla- 
math mountains he noted in the vicinity of Mad river a marked 
change in the lithologic character of the rocks, those to the east 
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of the river belonging to the auriferous slate series, and those to 
the west to the Coast range series. 

Mr. Fairbanks also appears to recognize a difference in the two 
sets of rocks. On page 158 he writes: <<The granite mass of 
the Trinity mountains terminates abruptly on the south, being 
cut off by a body of massive serpentine which forms the summit 
of Bully Choop, one of the highest peaks of the Coast range. 
Directly south of the serpentine along the crest of the range we 
encounter green talcose and granitic schists in which the silicifi- 
cation characteristic of the Coast range znetamorphics is well 
developed. The schists are somewhat crumpled with the appear- 
ance of minute veins and bunches of quartz which follow the 
cleavage planes in an irregular manner. These rocks are pene- 
trated for several miles by porphyritic dikes, evidently offshoots of 
the granite on the north. This is positive proof that their period 
of upheaval dates back to the extrusion of the granite. '' 

It is to be regretted that the author has not given the reader a 
more exact lithological description ofthese porphyritic dikes. The 
evidence above presented can hardly be regarded as <<positivo 
proof" of the relations of the Coast range metamorphics to the 
granite of the Trinity mountains. 

On page 160 occurs the following: <<The line of contact be- 
tween the Cretaceous and the older rocks has been particularly 
favorable for the intrusion of the peridotitic rock from which the 
serpentine has been derived, and this together with the general 
covering of the rocks with soil makes it hard to find good expo- 
sures. The best contact observed was on Elk creek in Colusa, 
county ; here the soft black shales rest directly against the green 
silicified schists. A few hundred feet distant the shales have a 
dip of 40® to the east; as the contact is approached they dip more 
and more, finally becoming somewhat broken and reversed, while 
for several feet adjoining the schists they are crushed to a clayey 
mass. The change to the vertical green schists is abrupt. To> 
wards the crest of the mountain, five miles away, they become 
more silicified. Black slates and hornblende schists are also to 
be observed in places. The clay at the contact has been formed 
by an upward movement of the metamorphic ridge, a condition 
noticed at several points farther south, and which, to a certain 
degree, obscures the non-conformity. This is undoubtedly the 
reason for the apparent conformity between the Aucella-bearing 
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strata and the metamorphics of mount Diablo mentioned bj Mr. 
Becker as a proof of the unity of the two formations. " 

Mr. Fairbanks' description of his <<best contact" in the above 
paragraph seems certainly to apply not to an unconformity, but 
to a fault which perhaps might as readily occur between 
metamorphosed and non-metamorphosed beds of the same age as 
of different ages. 

On page 164, the serpentine of the Coast ranges is referred to 
and all considered as resulting from the alteration of basic 
igneous rocks. This ^as shown to be true by the writer of the 
■serpentine of mount Diablo and from specimens in the National 
Museum it appears to be likewise true of the serpentine of the 
San Francisco peninsula and of New Almaden. It has been like- 
wise clearly shown to be true of the serpentine of the Sierra 
Nevada by Mr. Diller, Mr. Fairbanks, and the members of the 
California Division of the United States Geological Survey. 

However, it has been proved by micro-chemical and micro- 
optical tests by Messrs. Becker and Lindgren* that various 
minerals in the Coast range sandstones are altering to serpentine 
and it is the opinion of Dr. Becker that this metamorphism has 
resulted in forming considerable bodies of serpentine. 

Mr. Fairbanks concludes his paper with the following, pp. 165 
and 166: <<From the foregoing illustrations coupled with my own 
observations I think we can safely say that no important non- 
conformity exists in the Cretaceous and that it is utterly impos- 
sible that the great upheaval of the Coast ranges could have 
taken place at the close of the Gault or Shasta period, as Dr. 
Becker has lately affirmed. A small unconformity undoubtedly 
exists due in part to the eruption of the serpentine and in part 
to an uplift accompanying it. The extrusion of such an immense 
body of igneous rock as that near Knoxville, ranging from three 
to five miles in width and twenty miles long, must have pushed 
back and tilted the Knoxville shales to a considerable extent '' 

While there is thus evidence that the main metamorphism of 
the Coast range rocks occurred before the deposition of the Knox- 
ville beds there is here granted by the author a post-Knoxville 
disturbance accompanied by the extrusion of serpentine. Now 
serpentine is a very abundant rock in the Coast ranges. It occurs 
almost ever}'where associated with the phthanites, hardened 

'^Monograph on the Quicksilver Deposits, pp. 122-136. 
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sandstones, diabases, and glancophane schists, and with the Knox- 
▼ille shales. The area at Knoxville is by no means the only large 
one; another as large or larger occurring to the west and south- 
west of New Idria. If all these serpentines are post-Knoxville in 
age it follows that the upheaval that accompanied their extrusion 
must have been felt over a considerable area of countiy. The ex- 
trusion of the serpentine must have occurred before the deposi- 
tion of the Wallala beds (middle Cretaceous) for they were shown 
by Dr. Becker to contain rolled fragments of that rock. 

While at Knoxville during the quicksilver investigation the 
writer noted a conglomerate near Eticuera creek, some distance to 
the southeast of the town. This conglomerate contains water- 
worn nodules of the limestone of the Knoxville beds in which are 
well preserved iiiM^eZ^^, indistinguishable from those occurring at 
Knoxville in exactly similar limestone. There are also numerous 
pebbles of quartss-porphyrite in this conglomerate, the sandy matrix 
of which contains well preserved belemnites, presumably Belem- 
nitet impressuSf Gabb. This conglomerate may be supposed to 
represent the Horsetown or late Shasta beds, which . according to 
Dr. White correspond nearly to the Gault of Europe. This would 
presuppose an upheaval at the close of the Knoxville epoch and 
it may well be that this upheaval was caused by the extrusion of 
the serpentine, no pebbles of which, however, were noted in the 
conglomerate above described. 

Notes on a farther study of the pre-Cretaceous rocks of the California 
Coast ranges; by Haboi.d W. Faibbanks; ABfSBicAN Geologist, Feb- 
ruary, 1893. 

In the paper just reviewed Mr. Fairbanks treats of the geology 
of the northern coast ranges, and in the present paper of the dis- 
trict from San Francisco south. The extreme southern coast 
ranges are also treated of, but as they are not directly concerned 
in the question of the age of the Coast range metamorphic series, no 
remarks will be made upon that part of the paper. In general it 
may be remarked, that the author has revised the geology of a 
very large district, comprising in fact most of California, in a re- 
markably short time. 

On page 70 of the present paper occurs the following: <^In 
my former paper I traced the Paleozoic rocks of Shasta county, 
part Carboniferous and part probably Devonian, south along the 
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main coast range to San Francisco bay. The lithological features 
of the series were quite constant the whole distance, sandstone, 
slate and banded jasper predominating. The effects of intense 
dynamical action, resulting in crushed and contorted strata, and 
secondary silicification, in which these strata were filled with a 
network of minute quartz veins, were seen to be constant and dis- 
tinguishing features. With the exception of fossils of probable 
Paleozoic age from western Tehama county, none were found in 
this older series." The age of the metamorphic series is here 
definitely stated to be Paleozoic. 

On page 76 the author writes: <<As far as I can learn, but 
two specimens of fossils have been found in the metamorphic 
rocks of the central coast ranges. One was an Inoceramus, pre- 
sented to the old state survey by Major Elliot, who found it on 
Alcatraz island, San Francisco bay. " This Inoceramus was iden- 
tified by Dr. Gabb, paleontologist of the California survey, who 
named it after the discoverer. Dr. Gabb seems to have had no 
doubt of the fossil being an Inoceramus, It is figured and de- 
scribed in the Paleontology of California, vol. 2. 

According to the edition of 1889 of Nicholson and Lydekker's 
Paleontology, this genus is confined to the Mesozoic. Mr. Fair- 
banks disposes of this evidence of the age of the sandstone of Al- 
catraz island in the following manner: 

< <A close examination of the island has recently been made, but 
no traces of any molluscan remains have been found. The sand- 
stone of the island is identical with that of the mainland both 
north and south, which I hold to be pre-Cretaceous. ♦ * * 
The specimen from Alcatraz island was not in good condition, 
and I think there is room for doubt concerning the correct deter- 
mination of this fossil." 

The author writes further on page 77: **The other fossil 
which has been made use of to determine the Cretaceous age of 
the coast ranges is a supposed Aucella from the Santa Lucia 
range, a little east of San Luis Obispo.* It was found by Mr. 
Turner while gathering material for the report on the quicksilver 
deposits of the Pacific coast In 'Correlation Papers, 't Creta- 
ceous, Dr. White speaks of the most southerly known locality of 
the Aucella as near parallel 37 degrees 30 minutes north latitude, 

*Geology of the Quicksilver Deposits, p. 381. 
tBull. U. S. Geol. Survey, No. 82. 
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that IB, in the Mariposa beds, thas ignoring the specimen from 
San Luis Obispo, which may have been determined wrongly. " 
The following letter on this point is self-explanatory : 

* ^Washington, D. C, Feb. 8th, 1893. 
Dear Mr. Turner: 

In reply to your note calling my attention to the fact that I had 
not referred in my bulletin, No. 82, of the U. S. G-eoL Survey, to 
your discovery of Aucella at San Luis Obispo, I have only to say 
that the omission was inadvertent. The specimen which you send 
me with 3*our note, with the statement that it was found at that 
locality, is an Aucella of the type that I have referred to A. con- 
centrica. Very truly yours, 

C. A. White." 

It yet remains to be shown, however, whether or not the sandstones at 
Alcatraz island containing Inoceramus and east of San Luis Obispo 
containing Aucella are of the same age as the phthanites and asso- 
ciated hardened sandstones and diabases. There is a large amount 
of red phthaniteon the San Francisco peninsula where it is largely 
used in making roads. Whether the << San Francisco sandstone" 
is of the same age as the phthanite has not yet been proven in a 
satisfactor}' manner. My recollection is that there is no phthanite 
in the immediate vicinity of the sandstone near San Luis Obispo 
containing Aucella^ and therefore this find cannot be taken as evi- 
dence of the age of the metamoi*phic series. 

The San Luis Obispo sandstone, however, resembles to a re- 
markable degree the tuffaceous sandstone. No. 75, from Knozville, 
which would seem to indicate that it is later in age than the phtha- 
nite and diabase. 

The best evidence that has been brought forward up to the pres- 
ent time for considering that the Knoxville beds are unconform- 
ablj' deposited on the Coast range metamorphic series appears to 
be, first, the apparently sharp contacts of the two sets of rocks, and 
second, the occurrence of the debris of the metamorphic series in 
the Knoxville beds. 

Mr. Fairbanks treats of the rock of the Gavilan range and its 
continuation southward on page 71. He considers the granite of 
that range intrusive in the metamorphic rocks, and gives some observ- 
ations on the relation of the two series in a side gulch of Nelson 
creek. 

The rocks next to the granite, however, are described as being 
limestone and mica schist Further up the slope occur phthanites, 
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sandstone and serpentine, bat the granite was not seen in contact 
with these rocks, although they seem conformable with the lime- 
stone and schist below, in which the granite would appear to be 
intrusive. Although this suggests the granite being later than the 
Coast range metamorphic series, it can hardlj be said to prove it 

The author states on page 72: <'This determines the ages of 
the two formations; and if it is a fact, as I believe it to be, that 
this granite is identical in age with that forming the great mass of 
the Sierra Nevada, the metamorphic rocks into which it has been 
intruded belong to the same series and were uplifted at the same 
time as the Sierra Nevada." 

There is a specimen of the Gavilan granite and one of the gneiss 
in the collection of the United States Geological Survey obtained 
there by the writer. This granite is ver}* different from that of 
the Sierra Nevada. It appears to be indeed a typical granite, 
i^id as shown by a thin section is composed of plagioclase, ortho- 
clase, quartz, and biotite, while the granite of the Sierra Nevada 
is usually hornblendic with very little orthoclase. The two rocks, 
however, might well be of the same age, or it is even possible that 
the Gavilan granite is older than that of the Sierra Nevada, much 
of which is beyond a doubt of Mesozoic age. 

It is to be regretted that Mr. Fairbanks has not brought the 
microscope to his aid in his investigations. The relation of granite 
to sedimentary rocks could perhaps in this way be made certain, 
since the intrusion of granite into sedimentary rocks often 
causes the formation of contact minerals, mica, tourmaline, gar- 
net, etc. 

The following is presented merely as a working hypothesis: 

1st. That the granite, gneiss and metamorphic limestone of the 
Gavilan range and similar areas elsewhere in the Coast ranges are 
Paleozoic and probably Carboniferous in age. 

2d. That the phthanites, hardened sandstones, and diabases, 
are earlier than the Knoxville beds. 

3d. That the serpentine, gabbro, and perhaps the glaucophane 
schist, which is frequently associated with the serpentine, are post- 
Knoxville in age. 
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THE CLADODONT SHARKS OF THE CLEVELAND 

SHALE. 

By E. W. Clatpolb. Akron, O. 
Plates VII awd VIII. 

The gigantic Plaooderms from the shales of Ohio, now so famil- 
iar to paleontologists, were not the only fishes of its Upper Devon- 
ian seas. With them and sharing their empire we now know that 
there were abundant representatives of the family of sharks. Only 
during the last few years have the remains of the latter come to 
light The earliest specimen was described and figured by Dr. New- 
berry in his monograph, on the Paleozoic FUhea of North America 
under the name of Gladodw kepleri. It was found by Mr. Fyler 
in the Cleveland shale. Another and better specimen, found later 
by the Rev. W. Kepler, is noticed in the same place. Dr. N. also 
figures, but without description, what he considered a second spe- 
cies under the name of C. fyleri. This was found by Dr. Clark. 

From those two specimens we obtained our first and hitherto 
almost our only knowledge of the form of structure of these early 
elasmobranchs. Till then nothing was known save by inference 
from their teeth and spines which were usually dissociated. Being 
like all the other sharks largely cartilaginous in skeleton, they left 
no fossil bones or plates to immortalize their existence. 

These teeth and spines were named, and genera and species 
were founded upon them as a provisional and temporary arrange- 
ment with the consciousness that in not a few cases they might 
only represent different parts of the same individual. 

These facts will suffice to show the deep interest and immense 
importance attaching to the recent discoveries in the black shale 
of Ohio. 

Unfortunately the fossils are not very distinct, being, as are 
most of the specimens from this rock, heavily laden with pyrites. 
The labor and care necessary for their safe extraction can only be 
realized by those who have had experience in similar work. 

The teeth found with one of the fossils figured by Dr. Newberry 
clearly pointed to Cladodus as the genus to which the fish or 
rather the teeth belonged. This genus was founded by Agassiz in 
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1843 for the reception of this form, which is that of a striated and 
flattened median cusp with two or more lateral denticles, of which 
if several were present the outermost were the largest. In Clado- 
dus kepleri only a single denticle on each side of the main cusp is 
present. This is represented by Dr. Newberry on Plate XLIV, which 
also gives us the earliest representation of the fish that carried 
them. This and Plate XLYI supply all our knowledge on the sub- 
ject to date, except what we gather from a single ill-preserved 
specimen found in the Carboniferous limestone of Lanarkshire in 
Scotland and described by Dr. Traquair to the Greological Society 
of Glasgow. A short notice of it appeared in the Geological Maga- 
zine for 1888. His specimen apparently differs considerably from 
those found in Ohio, and it is not easy at present to reconcile the 
characters of the two. 

On a careful and critical study of Dr. Newberry's description, 
and the figures, it appears doubtful if they are sufficiently close 
for sure determination. He has apparently included more than 
one species in Cladodm kepleri^ while of C fyleri there is only a 
figure. In the light of the material now at hand we may amend 
the description of the former as follows, restricting it as much as 
possible to the form to which it most nearly applies. 

CladodtLB kepleri. 

Fish about thirty-three inches in length, with elongated body; 
rather slender, its greatest breadth being only four or five inches. 
Head bluntly rounded in front, sometimes almost squarish as pre- 
served. Pectoral fins rounded at tip, about four inches long and 
with about eighteen strong rays and membranous margin, two to 
three inches wide at base, front edge about six or seven inches be- 
hind snout. 

Teeth numerous with a single small denticle on each side of the 
main cusp and about one-fourth of its hight, striate. 

Dorsal surface covered with fine unornamented shagreen, ven- 
tral surface with spiral rows of fine, thin, glossy, wrinkled scales, 
simulating ganoid armor. 

Skin on the lower side of the space between the jaws and pec- 
toral fins wrinkled transveraely. 

No trace of a notochord in an}^ degree calcified. 

Ventral fins very soft and only leaving indistinct traces on the 

stone. 

Caudal fin showing a few strong rays above and below. 
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Near the tail the lateral margins of the body spread out horizon- 
tally, forming a membranous flap in structure resembling the mar- 
gin of the pectoral fins but without rays. 

No sign of a dorsal fin is shown unless it be where the caudal 
fin mentioned above is described. No trace of spines is seen in 
any part of all the specimens examined. Possibly there is some 
error on this point m the figure of C. fyltri given by Dr. New- 
berry. 

Cladodns darkl 

Fish about forty-five inches long, body slender, about seven 
inches wide. Head pointed in front, widening between jaw and 
pectoral fins. Pectoral fins shaped nearly as in C. hepleri^ six 
inches long by four and a quarter inches wide at base; front 
€dge about eleven inches behind snout; rays about eighteen, strong, 
the larger forking toward the tip. 

Teeth numerous, each with a single large denticle on each side 
of the median cusp and of about half its length, smooth, with 
slight longitudinal lines, but not striate; very small intermediate 
denticles at base. 

Head covered with fine smooth shagreen. Ventral surface with 
scales similar to those of C. kepleri. Skin on lower side of neck 
transversely striate. No trace of notochord visible. Ventral 
fins soft and showing scarcely any trace on the fossil. Hinder 
end of body not yet found. 

In the abdomen of the first specimen discovered lies a lai^e co- 
prolite showing a spiral line apparently indicating the print of the 
intestinal valve of the sharks. 

Branchial openings five, plainly visible just in front of the pec- 
toral fins. 

Cladodns sinuatns. 

Fish about thirty inches long (twenty-six inches preserved); 
body less slender than in the foregoing species, expanding, at least 
in the fossil, behind the pectoral fins and then rapidly tapering 
backward, the greatest width being nearly five inches. 

Head as preserved showing a very marked doubly curved out- 
line which is probably exaggerated by compression, the snout pro- 
jecting strongly forward and extending six and a half inches in 
front of the pectorals. 

Pectorals nearly straight in front (in the figure the concave 
€urve is too strongly marked); margin membranous and some- 
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what onrred, four inches long by two and a half inches wide at 
base. Rajs about six, thinner and fainter than in either of the 
former species. The whole fin indicates less power. Branchial 
rays five, well marked. Teeth not yet known, the refermce U> 
Cladodu9 being proyisional. * No trace of dorsal and but slight in- 
dications of ventral fins can be found. 

The hinder end of the body is horizontall}' expanded as in 67a- 
dodu$ kepleri^ the thin membranous margin resembling in appear- 
ance that of the pectoral fins. The bases of two strong caudal 
fin-rays are visible near the very point of the body, but no other 
indication of the fin can be detected. 

CladoduB rlTi-petrosL 

The total length of this specimen as preserved is between eigh- 
teen and nineteen inches, indicating a fish of twenty-four or twenty- 
six inches in total length. Body three and a half inches wide in 
front of pectorals and widening behind, slightly constricted in 
front of pectorals, from which to the snout it measures four and 
a half inches; snout rounded and blunt. Mandibles elongate and 
narrow, meeting in front and diverging rapidly near the hinder 
end, curving outward. 

Teeth of a strongly dadodont pattern, five preserved in left and 
four in right mandible, showing a median cusp and two lateral 
denticles on each side about one-fourth of the hight of the large 
cusp; outermost largest; median cusp slender, strongly striate to 
tip. 

A second pattern of tooth is shown in the figure, in which the 
median cusp is considerably curved and the lateral denticles more 
spreading. It is also smaller, scarcely exceeding one-half of the 
size of the other. It probably belongs to the other jaw. In 
front of four of these teeth stands another, almost as in Mono- 
cladodusj shorter but otherwise resembling the above. 

There is some doubt concerning the form of several of the teeth 
toward the back of the mouth as the lateral denticles are not well 
shown, but this probably results from imperfect exposure or defect- 
ive preservation. At least it is wiser at present to infer this than* 
to insist on their absence. Of branchial rajrs four only are visi- 
ble, running well forward between the jaws and occupying nearly 
all the space between them and the pectorals. 

Pectorals about three inches long beyond the body and two- 
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inches wide at base; tips of both missing; rays seventeen or eigh- 
teen, radiating from the middle of base, margin slightly mem- 
branous. One of the ventral flns is slightly shown with eight or 
nine rays. 

In the place where the stomach of this fish lay during life is a 
mass of thin ganoid scales, among which close examination re- 
veals a thin and slender jaw set with fine sharp teeth. Obviously 
we have here the half digested relics of the last supper of the 
shark and at the same time a proof of the coexistence of a ganoid 
fish of which we had previously no knowledge. The remains 
scarcely admit of description or definition but the shark has thus 
unwittingly preserved for us a trace of other ichthyic life yet to 
be found in the Cleveland shales. Behind the stomach are the 
fossilized coprolites including fragments of a similar nature in a 
more advanced stage. 

I have named this species from the Rocky river, where the fossil 
was found b}^ Dr. Clark. 

MONOCLADODUS. 

One of Dr. Clark's specimens shows, in spite of the necessary 
indistinctness incidental to a pyritized fossil, points of difference 
so strongly accentuated that it cannot strictly be included in the 
same genus as those alread}^ described. Yet in general appear- 
ance it BO closely resembles them as to indicate a very close rela- 
tionship. The chief difference lies, as will be seen in the descrip- 
tion given below, in the teeth, and for these reasons I have chosen 
the term Monocladodus for the fossil. 

In mere size this fish is very distinct, far exceeding all those 
above described and this character would suffice for specific dis- 
tinction. But the marked divergence in the form of the teeth 
seems to warrant something more than this. Though a few so-called 
Cladodus teeth are known in which the lateral denticles are ex- 
ceedingly small, and perhaps one or two in which no traces of them 
can be seen, yet it seems on the whole preferable to adhere to the 
technical description and exclude from Cladodtu all that do not 
exhibit them. 

Honocladodiis darki. 

Fish about 63 inches long, slender, about eight inches in great- 
est width behind the pectorals. Head rounded in front, some- 
what sinuous at the sides, constricted in front of the pectorals. 
Pectorals very large and strong, eight inches long by five and a 
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half inches wide at base, and measuring twenty-two inches from 
tip to tip; fore margin curved backward, thirteen and a half inches 
behind snout; hind margin nearly straight; rays about twenty, very 
strong and bony, the longer forking toward the tip; margin mem- 
branous. 

Teeth numerous, well preserved, in two rows as shown in the 
figure, nine in one and five in the other, each consisting of a single 
cusp without lateral denticles, slightly striate below and rising 
from a forking base; base not projecting in front but extending 
backward inwardly as shown. In front view these teeth are 
strongly suggestive of the outline of Lamna, though the resem- 
blance disappears on examination of their bases. 

Striation moderately strong and not as in the former species 
consisting of a merely uneven surface ; front face of cusp nearly 
flat; hinder face curved or doubly sloping. 

A peculiar feature of the dentition of this fish is the fact that 
the teeth stand in pairs one close behind the other, as shown in the 
small flgura The outer one is frequently broken, but this has 
evidently been done during fossilization or extraction. At least 
four of those in the left mandible show this double character, and 
more than one of those on the right side. Some of the front teeth 
show what is apparently a small cusp lying close in the fork of 
the base of the larger one. These do not present the appearance 
of wear or of fracture as is usual in the outer row of the teeth of 
sharks where they are passing out of use, though this is probably 
the explanation of the position of the double teeth at the back of 
the jaw. 

No trace of the membranous expansion near the tail is seen in 
this fossil as in the C. sintuitus, though in this region the slab 
was badly weathered before it was discovered. Its absence cannot 
therefore be inferred. 

The caudal fin is, however, unusually well shown and indicates 
a considerable hindward extension and attenuation of the body. 
Four or five strong fin-rays are visible above and below. 

HonodadodtLB pinnatus. 

The single specimen representing this species is less perfectly 
preserved than are most of the others, aud were it not for a single 
feature I should hesitate to consider it distinct In length it ap- 
parently somewhat exceeds Monocladodus clarkt, but the hinder 
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end is lacking. The head shows, so far as can be determined, 
little of that constriction or neck that is so plainly marked in some 
of the other species. Its length from the snout to the front line 
of the pectoral fins is less than in M. clarki. But the pectoral 
fins are lai^er and more powerful than there, measuring from tip 
to tip at least twenty-four inches. In other details also we find a 
noteworthy difference. The mandible is only four and a half 
inches long, or about half as long as in the other species, and the 
teeth were apparently set in a circular form. They arc of the 
general form of the type with one slightly curved median cusp and 
a base extended on the inner side, but they are more slender 
than in M, clarki and are not striate. Remnants of the e3'e cap- 
sules are visible, as in some of the other species. 

The most striking character of the specimen and the one which 
most i*eadily distinguishes it from all the others is the great 
strength of the ventral fins, whence comes the specific name. In 
none of the others are these organs more than just visible, whereas 
here they equal the pectorals in solidity though not in size. 
They are short and rounded and contain about twelve strong bony 
rays largest in the middle. 

On the whole these characters seem to warrant a distinction and 
I therefore propose to call it Monocladits ptnnatus. 

It is not probable that in all details the outlines here given are 
minutely correct. Pressure and mineralization have doubtless 
somewhat modified the shape of these fishes, but I have considered 
it advisable to represent them as they appear rather than to at- 
tempt any restoration beyond the effacement of slight obvious im- 
perfections especially in the margin. Beyond question future re- 
search and better specimens will introduce changes and improve- 
ments. But I think all the species here named can be diffei*enti- 
ated by characters that can be readily recognized where the organs 
are present. 

I will not here enter on the discussion of the many interesting 
and important questions connected with the discovery of these 
cladodont fishes. This must be deferred to a future number of 
the American Geologist, as also the consideration of some 
other material less distinct and less fully examined. 
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DEEP WELL AT DELORAINE, MANITOBA. 

By J. B. Xtrrbll, M, A., etc., Ottawa.* 

The following paper is in part a reprint of an article published 
in the transactions of the Royal Society of Canada, Vol. IX, 1891; 
but at the date when that article was sent to the press, the well 
had not reached a depth of more than 1800 feet, and the section 
had not reached the bottom of the Benton shales. Now, however, 
the well has reached a depth of 1943 feet, and the drill has des- 
cended 108 feet into the Dakota sandstone, which is the forma- 
tion from which large supplies of artesian water are obtained in 
Dakota and other states to the south, and which is the only under- 
ground source from which a plentiful supply of good water could 
be hoped for in this part of Manitoba. A strong flow of water 
was obtained, but it will not rise to the surface, and is said to 
stand about a hundred feet below it. Boring has consequentij^ 
been discontinued, and the question whether it will pay to pump 
water out of the well, or what supply of water can be obtained from 
it, 3'et remains to be solved. 

The well was sunk by William Ward for the town of Deloraine, 
which is situated at the terminus of the Pembina Mountain branch 
of the Canadian Pacific railway. The town is in the southeast 
quarter-section of section 10, township 3, range 23, west of the 
principal meridian, in Manitoba. The well is about a hundred 
yards north of the railway station, on a level alluvial or lacustral 
plain stretching northward from the base of the Turtle mountain 
towaixls the Souris river. It was begun in November, 1888, in the 
hope of finding a large supply of water at a moderate depth, for 
there is no permanent stream in the vicinity, end the water of 
Whitewater lake, which lies on the plain about three miles distant, 
is quite highly charged with sulphate of soda and other saline in- 
gredients. 

The machinery used was a percussion drill, supported by jointed 
rods, and worked by a small stationary engine. The well is cased 
with iron tubing, which decreases in diameter with the increase in 
depth, the smaller sizes sliding down within, and extending below 
the larger, which latter, therefore, merely serve to support the upper 

^Published with permission of the Director of the Canadian Geolog- 
ical Survey. 
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portion of the smaller. The following are the diai^eters and 
depths of the various casings: 6^ inches, 658 feet 7 inches; 5^ 
inches, 1226 feet 10 inches; 4^ inches, 1777 feet; 3^ inches, 1920 
feet 

The drillings were raised with an ordinary sand pnmp. In many 
parts of the well water had to be poured in to enable the drill to 
work, and the drillings to be removed; but when the Dakota sand- 
stone was reached the water rushed into the casing, carrying along 
a large quantity of sand which filled the tube for about 250 feet 
This sand packed very hard and was taken out with some consider- 
able difficulty. Afterwards the water rose more quietly to a 
hight of about 100 feet below the surface, where it stands at pres- 
ent. The water is slightly saline, an analysis by Mr. Hoffmann 
of the Canadian Geological Survey showing it to contain in an 
Imperial gallon (=1.2 American or wine gallon) chloride of so- 
dium 309 grains, bicarbonate of soda 94 grs., sulphate of soda 28 
grs., other ingredients 15 grs. 

In June, 1 889, the well had reached a depth of 975 feet and up 
to that time no clearly-marked specimens had been kept, and the 
log is given below very much as it was received from the driller. 

At a depth of 1050 feet the collection of a systematic series of 
specimens from every five feet was begun, and was carried down 
to 1285 feet, between which depth and 1335 feet six specimens 
were obtained, numbered merely in consecutive order. This latter 
depth was reached in October, 1889, and then operations were 
suspended for a short time through lack of the necessary funds to 
continue the work. During this month the writer paid a short 
visit to Deioraine, examined as far as possible the work done up 
to that date, and obtained from Messrs. Stuart, Martin and Cowan 
the specimens collected. In company with the same gentlemen a 
visit was also paid to the northern boundary of tbe Turtle moun- 
tain, and the beds composing it were hastily examined. 

During the following winter work on the well was resumed with 
theas3istance of grants from the Canadian government and the 
Canadian Geological Survey, and with very few exceptions speci- 
mens were kept from every five feet down to a depth of 1660 feet 

Below 1660 feet specimens were collected at irregular intervals, 
and especially wherever there appeared to the driller to be anj' 
change in the character of the rock. The work also received the 
constant attention of Dr. Selwyn, director of the Canadian survey, 
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and all available information has been placed by him in the hands 
of the writer. 

The occurrence of a band of ^'greensand/' composed of the 
casts of foraminifera in glaiiconite, at the base of the Benton 
formation, is an interesting new feature in the geolog}- of the west- 
ern Cretaceous. 

The following is a synopsis of the log as at present determined: — 
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1641 
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857 
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FORMATION. 



1 



Pleistocene. 

f 91 feet. 

I 

J 

! Pierre. 
(Odanah series.) 
292 feet. 



I 

J 



Pierre. 

(MilUood 
series.) 
664 feet. 



Niobrara. 
545 feet. 



Benton. 
240 feet. 

\ Dakota. 
S 108+feet. 



Nos.l and 2. — These are not improbably stratified deposits laid 
down in the bottom of the postglacial lake Souris, which stretched 
northward from Turtle mountain and covered the country for many 
miles around Deloraine. Near the foot of the mountain the land 
in places becomes gravelly, and occasionally a few boulders are 
scattered over it. A couple of miles south of Deloraine the sur- 
face rises in an easy slope for about fifty feet to a wide, even ter- 
race that runs back to the base of the higher and rougher portion 
of the mountain. It clearly represents one of the shore terraces of 
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an anoient lake, but the extent of the lake has not 3'et been clearly 
defined. 

No. 3. — This is undoubtedly a hard blue-grey unstratified till 
with pebbles and bouldera. Similar till has been thrown out of 
the railway tank well at the Deloraine station, which was dug to a 
depth of a hundred feet, passing through the Pleistocene deposits 
into the underlying Cretaceous shales. 

No. 4. — This bed would appear to be a coarser-grained till, but 
whether it differs in age from the till overl3'ing it is uncertain. At 
the bottom of this layer a moderately strong flow of water was 
obtained, rising to within twenty-five feet of the top of the well. It 
is more or less impregnated with sulphate of soda. 

No. 5. — A light bluish-grey, moderately hard, non-calcareous 
clay shale, typical of the Odanah series. Excellent specimens of 
this shale were obtained from the railway tank well, a few hundred 
3'ards to the west. This series has already been described by the 
writer,* and was previously very well described by Dr. G. M. 
Dawson, t as the upper portion of his Pembina Mountain group, 
from exposures in the valley of the Pembina river, etc. During 
the summer of 1890 the same formation was traced in the valley of 
the Assiniboine river, from the mouth of Arrow river to the vicin- 
ity of Oak lake, on the Canadian Pacific railway, and near the 
latter place was found to contain a few fragmentary fish remains, 
with the shell of an Ostrea?^ and impressions of portions of the 
prismatic shell of Inoceramus. Prof. Culvert also states that 
similar shale outcrops as far south as La Moure, near the south 
line of North Dakota, and that in it he succeeded in finding a few 
fossils, the best an Inoceramus, and casts of a little Baculite. 
These observations clearly prove an extensive areal development 
for this series of brittle light grey clay shales, and also that it 
belongs to the marine Cretaceous of the Western Plains. As was 
stated in the introduction, it is overlain by the coarse Laramie? 
sandstones of the base of the Turtle mountains. 

No. 6. — A considerable flow of water was obtained from this 

**'The Cretaceous of Manitoba," by J.B. Tyrrell, Am, Jour. Sci., 3d 
series, vol. xl, p. 227, Sept., 1890. 

f "Geology and Resources of the 49th Parallel," by G. M. Dawson,Mon- 
treal, 1878, pp. 81-85. 

t A report on the preliminary investigation to determine the proper 
location of artesian wells, etc. U. S. Senate Document, No. 222, Wash- 
ington, 1890, p. 59. 
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thin band of sandstone. The almost utter absence of sandstone 
in the Pierre of this section is very noticeable, since sandstone 
enters so largely into the composition of the same formation farther 
west 

No. 7. — Apparently the same as No. 5, giving the Odanah series 
a thickness in this well of 292 feet 

No8. 8 and 9. — In all probability these are both included in the 
Millwood series, representing the lower darkgre}' shales of the 
Pierre formation. The '^boulders'' are nodules of calcareous iron- 
stone such as are found in abundance in this formation on the 
banks of the Assiniboine river, in the vicinity of Millwood. Some 
shells of spiral gasteropods are stated to have been found at a 
depth of 845 feet, but none were seen by the writer. 

No. 10. — This band has been placed at the base of the Millwood 
series, which thus is given a thickness of 664 feet, but some or all 
of it may more properly belong to the top of the underlying Nio- 
brara formation. If it were given the latter position it would 
represent the band of dark unctuous clay with much carbonaceous 
matter, etc. , that is placed at the top of the Niobrara formation 
in Messrs. Meek and Hayden's Missouri section. A specimen 
from 1010 feet consists in part of a soft bluish-grey clay shale, and 
in part of a light grey clayey limestone. Another specimen from 
near the same depth contains a considerable amount of crystalline 
pyrite. 

No. 11. — A very dark grey, soft, unctuous, and very slightly 
calcareous clay shale, containing a few fragmentary remains of 
fishes, and at the top a few foraminifera (Anomalina sp.),with the 
cells filled with pyrite. Mr. Hoffmann, of this Survey, states that 
the loss from this rock on ignition is 18 per cent, representing 
the amount of carbonaceous matter and water in the dried ma- 
terial. 

This band has been placed at the top of the Niobrara formation 
in the section, as it is the highest bed from which foraminifera 
have been definitely recognized. 

No. 12. — A mottled grey calcareous shale or marlite, contain- 
ing, in varying numbers, foraminifera, prisms of the shells of 
/noceramu«, fragments of fish remains, crystalline masses of pyrite, 
occasional fragments of the pearly shells of Ostrea^ and crystals 
of selenite. The following list gives the results of the examination 
of the specimens from every five (or ten) feet: — 
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1075. Slightly calcareous shale, with fish remains, a few foraminifera, 
Inoceramus prisms, and crystals of selenite. 

1080. Soft, moderately calcareous, dark grey, mottled clay shale, with 
small crystals and crystalline masses of pyrite. 

1085. Similar shale, with several species of foraminifera, some fish re- 
mains, and a large amount of pyrite. 

1090. Similar shale, with foraminifera and fish remains. 

1100-1105. More calcareous shale, with large amount of pyrite. 

1110. Highly calcareous mottled shale, with fish remains, Inoceramwi 
prisms, and many foraminifera. 

1115. Dark and light clay shale, both highly calcareous, containing 
pyrite, prisms of Inoceramus, fish remains, and many species of 
foraminifera, of which Mr. C. Davies Sherborn has kindly deter- 
mined the following, viz.: — Olobigerina crettuiea, d'Orb., G. bul- 
loideSt d'Orb., Cristellaria rotulata. Lam., PlanorbuUna aTnmo- 
noideSy Reuss, Anomalina rotuUit d'Orb., Bulimina variabilis, 
d^ Orb. y Textulariaglobulosa, Ehr., Ve7*neuUina triquetral d'Orb., 
Marginulina variabilis , Neug. 

1120. Very similar shale. 

1125. Slightly calcareous clay shale, with fish remains, Inoceramus 
prisms, a few foraminifera, and crystals of selenite. 

1130. Soft light-grey clay shale, with many fragmentsof shells of Inocera- 
mus and Ostrea, and many foraminlTera, crystals of pyrite and 
selenite. 

1134-1140. Similar shale, with crystals of pyrite, and a few badly pre- 
served foraminifera and prisms of Inoceramus, 

1145-1180. Similar shale or marl, with pyrite, fish remains, Itwcera- 
TTvus prisms and many foraminifera, Olobigerina creUicea being 
especially abundant. 

1185-1195. Slightly dklcareous shale, a few fish remains, crystals of sel- 
enite and a few foraminifera. 

1205. Slightly calcareous shale, a few fish remains, and irregular frag- 
ments of calcite and selenite. 

1210-1245. Similar shale, with pyrite, a few fish remains, foraminifera, 
and prisms of Inoceramus, 

1250-1275. Similar shale, with fish remains, prisms of Inoceramus, 
pieces of shells of Ostrea, a few foraminifera and crystals of py- 
rite. 

No. 13. — The material brought up by the drill in this part of 
the boring is generally a very darkgrey,8oft, unctuous, and but 
slightly calcareous clay, from which were separated by washing 
some fine graphite-like flakes of clay shale. These have much the 
appearance of the Benton shales elsewhere in Manitoba, and were 
previously regarded as such by the writer; but as this band comes 
between two highly calcareous zones, it has been thought advis- 
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able to group it in with tlie Niobrara formation. The following 
list gives the particulars of some of the beds: — 

1280. Dark grey non-calcareous clay shale, with a few fish remains and 
many crystals of selenlte. 

1385-1295? Dark slightly calcareous shale, with a few prisms of 
Inoeeramvs and fragments of fish remains. 

1300 ? Similar shale, with a few specimens of Globigerina cretacea, 

1305-1345. Dark, unctuous, non-calcareous clay shale. 

1350. Similar shale, with fragments of a nodule of calcareous iron- 
stone. 

1355-1380. Similar shale breaking into minute flakes. 

1385. Slightly more compact shale. 

1390-1395. Similar shale, witli a few crystals of seleniie. 

1400-1405. Similar sliale, without selenite. 

No. 14. — This series is a downward continuation of the last, 
the shale gradually becoming more calcareous, till it appears to 
terminate in a band of coarse f ragmen tal limestone, called sand- 
stone by the driller. From this limestone band there was a con- 
siderable flow of water which rose rapidly in the pipe to within 
eight feet of the top. The water had a flattish taste from the 
presence of salts of soda. This limestone band is regarded as the 
base of the Niobrara formation. The following is a serial de- 
scription of the beds: — 

1410. Dark grey non-calcareous clay sliale, with a few rotaline foramin- 
ifera, and some moderately large fragments of theshell of Inocer- 
amus. 

1415-1425. Similar shale, with a few fragments of Hsh remains, but no 
foraminifera. 

1430-1445. Similar shale, with a few prisms of Iivtcernmus. 

1450. Lighter grey calcareous clay shale, with large and small prisms 
of the shells of InoceramitSy pieces uf shells of Ostrea^ and a few 
fragmentary fish remains. 

1455. Similar shale, with a large number of foraminifera, Olohlgerina 
cretacea being especially abundant. 

1460-1485. Similar shale, with a few Iiwceramus, prisms, and a greater 
or less number of small foraminifera belonging to such genera as 
Texiulariai AnomaUna, etc. 

1490-1510. A light-grey calcareous shale, with numerous specks of 
pyrite, many small species of foraminifera, prisms of liwceramus^ 
and pieces of the pearly shell of Ostreiu and iish remains. 

1515-1555. A harder grey calcareous shale, holding similar organic re- 
mains, in varying quantities. 
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1565. Dark grey slightly calcareous thin-bedded sttale, holding a few 
foraminifera, and fragments of fish remains. A considerable 
flow of water was here struck and rose to within SOO feet of the 
surface. 

1570. Dark grey non-calcareous thin-bedded shale, without organic re- 
mains. 

1575. Dark grey clay shale, with many fragments of the shells of 
Inoceramus, With these are a few species of foraminifera of 
such genera as Textularia, Afu/malina^ etc., with fragmentary 
fish remains, and moderately large masses of pyrite. This gritty 
or f ragmen tal layer formed the sandstone of the driller, and from 
it quite a large supply of water rose in the casing. 

1580-1590. Dark grey clay shale, with a few corroded prisms of Inocera- 
niu8, small foraminifera, and fragments of fish remains. When 
the drillings are washed almost everything is carried away in the 
water as a fine mud. The latter specimen, when drying, became 
covered with a white efiSorescence of sulphate of soda? 

1595. Similar shale, breaking down into thin flakes, and containing 
small cubical crystals of pyrite, prisms of Inoceramus, fragments 
of flsh remains, and pieces of the shell of OstreOj but no recogniz- 
able foraminifera. 

No. 15. — Consists throughout, as far as could be determlDed 
from the specimens, of a dark grey, non-calcareous clay shale. In 
its upper portion it is apparently very bituminous, and breaks 
into minute flakes, while below it is somewhat lighter in color, is 
often harder, and contains minute angular grains of clear quartz 
sand. 

The following is a more detailed categorical description of the 
beds passed through: — 

1600. Dark grey and rather hard fissile clay shale, brought up in frag- 
ments, some of which are more than an inch and a half in great- 
est diameter. It is quite free from calcareous matter, and under 
the microscope shows no traces of organic remains, but a few 
globules of pyrite may be seen. 

1605-1620. Soft, darkgrey,unctuous« non-calcareous clay shale, breaking 
into thin, scaly flakes. No trace of organic remains. 

1620-1645. Similar shale, with minute fragments of flsh remaints. 

1655. Similar shale with traces of pyrite, mixed with a few particles of 
fine white soft sandstone, possibly adventitious. The specimen 
as returned was composed almost entirely of a soft, impalpable 
clay, and the fragments of shale, etc., were procured by washing 
a considerable quantity. 

1660. Soft, dark grey, fissile, non-calcareous shale, with a few minnte 
fragments of fish remains, and pieces of concretionary nodules of 
limestone, and crystalline masses of pyrite. 
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1665-1715. No Specimens received, bat stated to be a similar dark, grey 
shale. 

1720. A large proportion of the specimen received Is a soft clay that is 
readily washed away by the water. What remains is a grey non- 
calcareons clay shale, much lighter in color than the last, is 
rather compact, and does not break into thin flakes. It contains 
a few fragments of fish remains, and some fine irregular angular 
grains of clear quartz sand. 

1730. Similar shale, through which the fine sand is seen to run in thin 
streaks. 

1735. Shale similar to the last with some crystalline aggregates of py- 
rite, and a considerable number of fragments of a hard, very 
slightly calcareous fine-grained sandstone. 

1745. A similar dark grey clay shale, with a few fragments of soft gran- 
ular sandstone, but without any of the hard sandy fragments seen 
in the last specimen. , 

1800. A light grey, rather hard, fissile, non-calcareous clay shale, with a 
few small crystals or crystalline masses of pyrite. Some of the 
fragments procured were an inch or more in diameter, and in one 
of them was a small imperfect shell of a Lingula, 

1808. Dark grey, rather hard, thinly fissile, non-calcareous clay shale. 

No. 16. — A dark grey or greenish-grey clay mixed with sand, 
which in the upper portion is composed almost exclusively of casts 
of globigerine forms of foraminifera in glauconite, while in the 
lower portion these appear to be largely replaced by rounded 
grains of white quartz. The specimens examined were as follows: — 

1815. The specimens of the drillings consisted of dark-grey soft non- 
calcareous clay. On washing this mud a large quantity of beau- 
tiful green sand Is left in the bottom of the beaker. Under the 
microscope this sand is seen to be composed of casts in glauconiie 
of the interior of foraminifera, chtefiy of the genus QUMgerina, 
With the glauconite casts are a few grains of clear quartz, and a 
few small particles of shale, consisting of glauconitic casts of 
foraminifera cemented together by calclte and pyrite. 

1820. Dark grey, soft non-calcareous or very slightly calcareous clay, 
from which a large number of casts of foraminifera in glauconite 
were washed out. In the drillings was a fragment of a calcareous 
nodule. 

1825. Dark grey non-calcareous clay. The residue, after washing, con- 
sisted of well rounded grains of white quartz, and small Irregular 
masses of pyrite, with a few casts of foraminifera In glauconite. 

1830. Dark grey, soft, non-calcareous mud. The washed residue Is com- 
posed largely of rounded grains of white quartz. With these are 
mixed some small masses of pyrite, and a few casts of foramini- 
fera in glauconite. 

No. 17. — Coarse and fine sandstone, often almost incoherent, 
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'but varied with occasional haixl bands. The grains, which are 
<5hiefly of white quartz, seem to be all well rounded. The top of 
the formation is a band of hard sandstone on which the casing 
rested till the rock was undercut beneath it. No specimen of this 
top band was seen by the writer. 

A considerable flow of a slightly saline water was obtained from 
this sandstone. The water does not rise to the surface but stands 
about a hundred feet below it 

The specimens of drillings examined are as follows: — 

1841. Sand consisting of rather small rounded grains of white quartz, 

mixed with fragments of clay. Water was here struck, and rose 

rapidly to the surface. 
1843. Coarse sand, consisting of large well rounded grains of white 

quartz, with some small masses of pyrite. 
1857. Similar coarse rounded quartz sand, with fragments of calcareous 

nodules. 
18f$3. Similar well rounded quartz, a few small masses of which are 

firmly cemented together with pyrite. 
1943. Fine, light brown, well rounded, homogeneous quartz sand. The 

boring did not reach the base of the Dakota sandstone. 



EDITORIAL COMMENT. 



Prof. Youmans and the United States Geological Scrvev. 

In the April number of the Popular Science Monthly is an article b}' 
professor E. W. Claypole, criticising the assailants of professor G. F. 
Wright for their severe and in several cases uncourteous attacks 
upon him on occasion of his recent publication of ^^Man and 
theGlacialPeriod.'* The paper is a merited and reasonable rebuke, 
and though sometimes severe it does not exceed the bounds of 
justice or go outside the coterie chiefly concerned. 

In the same number the editor of the Monthly has printed a 
caustic note calling attention to Dr. Ciaypole's article and adding 
some severe criticisms of his own. So far as concerns the writers 
at whom the remarks in the former paper were aimed these are 
richly deserved and will we trust bo read with proflt Professor 
Youmans tells them some good and wholesome truths which it 
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would have been as well if they had recalled before they put their 
pens to paper in their recent attacks on a fellow-geologist He 
has no mercy for the officials who make use of their position to 
attempt to crash ouc a scientific rival of whom they seem to be 
either jealous or afraid. His note concludes with a sweeping 
condemnation of the United States Geological Survey on account 
of its dictatorial ^nd inquisitorial conduct. 

While thus fully admitting that the flagellation administered by 
professor Youmans is richly deserved by the high ofifenders who 
have In so flagrant a manner betrayed the confidence of the 
countr}', we feel that the words employed are scarcely sufficiently 
guarded to avoid striking the innocent with the guilty. Dr. Clay- 
pole's paper is strictly limited to the criticism of the actual of- 
fenders who may be identified by the references given. Thus 
none are touched save those who have committed the faults. But 
in including the whole staff of the United States Geological Survey 
within his castigation professor Youmans has, we fear, punished 
with less discrimination. It is seldom just to hold a whole 
<5ompany responsible for the faults of a few. The survey corps is 
<;om posed of men of very different natures and qualifications, and 
we doubt not that there are among its members not a few whose 
nobility would scorn to utter the words which have been uttered 
in this controversy. They may not have been willing to come out 
as men should do in condemnation of an unprovoked wrong. 
Professional etiquette may have been too strong for their higher 
feelings. But we cannot for that reason hold them guilty on the 
main count 

We may add yet further that we believe from personal knowledge 
that not a few of the professional members of the Survey (late and 
present) must feel the same indignation that has been expressed 
in so many quarters at the wanton assault upon professor Wright, 
whether they agree with his views or not For these reasons we 
regret the general terms emploj'ed by professor Youmans and wish 
that he had been more discriminating in his censure which would 
then have been more effective. But for those by whom they are 
deserved, such as the writers at whom Dr. Claypole's criticisms are 
4iimed, they are admirably suitable and timely, and all friends of 
freedom in scientific discussion and elsewhere will thank him for 
liaving printed them. 
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Report of the State Board of Oeological Suroey [Michigan]^ for the 
years 1891 and 1892. Lansing, 1892. Boy. 8vo., pp. 192. 

This document sets forth the expenses of the survey from its incep- 
tion to November 22d, 1892, exclusive of the cost of publication, also 
contains the reports of Dr. C. Rominger for the years 1881-2 and 1882-3; 
of Mr. Charles E. Wright for the years 1885-8; of Dr. M. E. Wadsworth 
for the years 1888-92, made to the State Board of Geological Survey for 
the years named; also' a provisional report by Dr. M. E. Wadsworth 
upon the geology of the iron, gold and copper districts of Michigan. It 
is preceded by an administrative report signed by the three members 
of the board, who are, ex-ofBcio, the governor, the superintendent of 
public instruction and the president of the board of education. The 
financial statements disclose some interesting and even remarkable 
facts. 

From 1837 to 1845 the total cost of the survey was $32,829.03, and of 
the appropriations made, aggregating $40,000, $7,170.97 were "returned 
to the State" unused. 

From 1859 to 1892 the total appropriation has been $160,000 and of 
this the amount used has been $109,5ti9.33, and the rest of the appropri- 
ation, amounting to $63,207.92, has been **charged out,'' i. e., returned 
to the State. Since 1871 there has been available an annual fund of 
$8,000, and during only two of those years has it been fully expended. 
Between 1845 and 1859 there was no survey in progress. In 1859 the 
survey was re-commenced, but was interrupted by the civil war, till 
1871, when the annual appropriation was begun. Prior to 1871 and 
after 1859 there were appropriations from the general fund for two 
years, aggregating $5,000, and during 1861, 1862 and 1870 small sums to 
pay expenses formerly incurred, $1,080.91. 

The non-use of the appropriated fund after 1845 was doubtless due to 
the death of the state geologist. Dr. Douglass Houghton, who was 
drowned October 13, 1845,* and who was both state geologist and geo- 
logical board. The available fund between 1859 and 1862 seems to have 
been entirely used, amounting to $6,000. A. Winchell was then state 
geologist. On the revival of the survey in 1869, again under Prof. 
Wiuchell, the, annual appropriation was $8,000. Prof. Winchell served 
two years and resigned. The years 1869, 1870 and 1871 are unrepre- 
sented In the schedule statement (on p. 24), but, beginning with 1871 an 
annual appropriation was available under a general law. The remark- 
able feature of this schedule is the fact that more than one-third of the 
available fund of the survey, between 1871 and 1892 has been left un- 
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used 90 long in the treasury of the Stat« that finally it was returned to 
the genera] fund of the State, the total sum thus lost to geological 
science in Michigan being something over sixty-three thousand dollars. 
The same geological board has had charge of the survey during the 
whole of this period, though the personnel changed nearly every year. 
The statement of the board contains several strictures on the negli- 
gence of their predecessors, and laments the dilatory manner in which 
the geological survey has been carried on, but properly assigns the 
cause to the over-burdened and under-paid condition of each of the 
officials who belongs to the board. 

''Should the legislature permit the survey to continue in the future 
as it has in the past, no definite limit can be fixed as to the time when 
the survey will be completed. The members of the board are all such 
e2H#cio. The governor of the state of Michigan is a hard -worked 
official. His duties are many and onerous. The superintendent of 
public instruction has but a meagre salary, and while he receives but 
$1,000 per annum for his services, the State receives from him in the or- 
dinary discharge of his duties several times that amount. There is no 
board in the state, perhaps, upon whom so many varied- duties devolve 
as upon the state board of education, and the president of that board, if 
he does his full duty, cannot be expected to spend much time upon any 
other board. The present incumbent of that office has given more than 
six weeks of his time to the survey and has received therefor $45 In per 
diem.'' 

To remedy the defects pointed out, the board recommend strongly 
that the commissioner of mineral statistics, now an independent officer, 
be made a subordinate officer of the board with instructions, with his 
other duties, to spend his entire time In the service of the board look- 
ing after the property and records of the boiurd, and keeping the board 
informed of the condition of the survey. 

That part of the volume which contains a ''Sketch of the geology of 
the iron, gold and copper districts," by M. £. Wadsworth, the state 
geologist, possesses the chief scientific interest, as it covers many of the 
prominent unsettled questions of the geology of the crystalline rocks in 
the Northwest. It embraces an abstract of the results attained by the 
Michigan Geological Survey, under the late state geologist, C. £. 
Wright, and by Dr. Wadsworth, and gives a somewhat connected dis- 
cussion of the different formations and of their relations 

Under the term AzoiCf which he prefers rather than Archaean, he 
embraces three formations to which he gives local names, viz.. Cascade, 
Republic and Holyoke. The terms Algonkian and Keweenawan find 
no place in this report. These new terms were used by Dr. Wadsworth 
first in 1891, for formations whose unconformable relations had been 
made out by the Michigan survey. 

After the presentation of a rather peculiar general classification of 
rocks, the vicinity of the Volunteer mine Is cited as the typical locality at 
which the Cascade formation was named. Here can be seen the three 
Azoic formations plainly exhibiting their inter-nonconformity, sepa- 
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rated by two basal conglomerates. The description would indicate that 
the Cascade formation is the equivalent of the Vermilion of Minnesota, 
or the Coutchiching of Manitoba. It is an old hornblende schist in- 
vaded by irruptive granite. In the same formation is much gneiss 
traversed by basic and acid dikes. 

The Republic formation embraces breccia, conglomeratic schist, 
quartzyte, dolomyte, jaspilyte, granite, felsyte, diabase, porodyte and 
porphyryte. These have a tendency toward chloritic, talcose or hy- 
drous mica schist. The dolomyte is interbedded with quartzyte, and is 
white, flesh-red, light or dark gray and often silicious. The jaspilyte 
is the Iron-ore rock of the formation. It is described from two points 
of view, viz., an eruptive origin and a sedimentary origin. The iron 
ores of this formation are situated, according to the conception pre- 
sented in the report, between two conglomerates, one being supposed to 
be at the base of the Republic and the other at the base of the Holyoke, 
the former being evidently the equivalent of the Keewatin. 

The Holyoke formation which is that which corresponds with the 
iron-bearing formation of the Penokee and the Mesabi ranges (the 
Taconic of the Minnesota reports), embraces a great variety of lithol- 
ogy, viz.: 1. Ck)n glomerate, breccia and conglomerate schist. 2. Quartz- 
yte. 3. Dolomyte. 4. Argillyte, graywacke and schist. 5. Granite 
and felsyte (?). 6. Diabase, dioryte and porodyte. 7. Peridotyte, ser- 
pentine and dolomyte. 8. Melaphyr or picryte. 9. Diabase and 
melaphyr. 

**The conglomeratic schists are often quite chloritic, and pass into chlor- 
ite schists and argillytes without showing any trace of their conglomerate 
structure." The quartzyte is that which is well known as the basal 
member of the Taconic in Vermont, the granular quartz, and partakes 
of the characters of the underlying formation, even shading into and 
alternating with conglomeratic portions and with chloritic debris. 
This quartzyte sometimes fills fissures in the underlying formation, 
causing the appearance of dikes of sandstone, such as those that have 
been described in California and elsewhere. To such dikes Dr. Wads- 
worth gives the name cla&olite^ using the term as a generic one, whether 
the fissures were filled by deposition from above, or by earthquake or 
water action from below. ''It is an open question whether some of the 
argillytes and schists now found cutting the iron ore beds have not been 
formed as clasolites rather than as true dikes. A similar formation 
might be produced by soft clayey rocks, if, when the associated rocks 
were folded, the clayey material were squeezed into fissures or between 
beds." 

It is not certain yet, according to the report, whether the dolomyte 
supposed to belong In the Holyoke, may not be rather a member of the 
Republic. 

The upper portion of the Holyoke formation develops into **a pecu- 
liar grayish argillltic sandstone which contains some feldspar," and the 
term graywacke has been provisionally applied to this. It grades into 
an argillyte and as such furnishes roofing slates, though the rock Is so 



Review of Recent Geological Literature. 34T 

Jointed that the indastry has not yet proved to be profitable. Large 
areas, fifty miles in extent, are supposed to be underlain by such slates. 
This is a grand feature which allies the Hoi yoke slates with the Thom^ 
son (Taconic) slates in Minnesota, and with the supposed ^'Lower Cam- 
brian'* slates of the Huronian region in Canada southeastward from 
Vermilion lake in the vicinity of Sudbury. 

The hypothetical granite and felsyte of the Hoi yoke formation con- 
sist now of schistose rock, mainly chloritic, cutting the bedding in the 
form of dikes, and they may instead have originated from ^'porphyrytes 
or diorytes." 

Peridotyte, serpentine and dolomyte, placed by the report in the 
Holyoke, compose that rock seen at Presqu' Isle and northwestward 
from Ishpeming, and these rocks, constituting a geological unit, are re- 
garded as the '^youngest of the large intrusive masses seen thus far in 
the Marquette district." The writer,on the other hand, considers them 
a constituent part of Dr. Wadsworth^s Republic formation,but not altered 
eruptives in the usual acceptation of that term. The materials of which 
they are composed were water-stratified, but of the nature of volcanic 
tuff, originating in Archaean time and '^altered" in Archaean time 
by the waters of an Archaaan ocean. 

The melaphyr and picryte are prob]ematicaI,schistose rocks of a dirty 
brownish or grayish color seen on the islands north of Marquette, sup- 
posed to be ^^altered*' andesytes or peridotytes. The dikes of diabase 
and melaphyr are the youngest of the eruptive rocks of the region, and 
are not known to cut the '*£^tern sandstone." One such dike is known 
(on Presqu' Isle) to be overlain by undisturbed, horizontal ''Eastern 
sandstone." 

According to observations made by Mr. A. E. Seaman in the vicinity 
of Bessemer, and in T. 46-41, there seem to be two sandstones closely 
associated with the diabases of the Keweenawan, one of which is indur- 
ated, conglomeratic, rests on steeply inclined green schists, and in 
places is a quartzyte; the other is near adjacent, friable, with spots of 
deoxidation like the ''Eastern sandstone" and contains pebbles of mela- 
phyr and large, angular fragments of indurated sandstone which he con- 
siders derivable from the indurated sandstone outcrop adjacent. If 
this indurated rock be not the underlying quartzyte of the iron>bearing 
series of the Taconic, Mr. Seaman*s reasoning tends to show the occur- 
rence of a break and an erosion interval in the progress of the Keween- 
awan epoch, of a character quite different from the intervals which 
separated the eruptive episodes which characteristically composed the 
history of the lower portion of the Keweenawan. 

There is a chapter devoted to the '^chemical deposits of the Azoic sys- 
tem." The soft iron ores and manganese deposits are thought to be 
due to chemical changes in the original rocks brought about by the ac- 
tion of percolating water. The author considers that "rocks of entirely 
different origin and structure, like sedimentary and eruptive rocks, 
have been so changed by this action that the resulting forms are indis- 
tinguishable from one another except by their geological mode of 
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occurrence." This is a very comprehensive affirmation of a hypothet- 
ical principle with which some geologists would take as broad a negative 
issue as is Implied affirmatively by the author. ''Percolating water*' 
figures very prominently in the report, and in all the geological reason- 
ing of the author. He does not assign the origin of the crystalline 
rocks to the agents appealed to by the *'crenitic hypothesis," but he 
postulates such profound changes by reason of those agents that there is 
but little choice between Wadsworth and Hunt. It is sufficient here to 
say that there is a small school of modern petrographers who explain 
many of the changes which rocks seem to have suffered, from their 
point of view — being the same changes that Dr. Wadsworth attributes 
to percolating water — ^by a mysterious operation named ''dynamic met- 
amorphism" in which percolating water plays no part whatever. With- 
out attempting here to make peace between these contrary schools, or 
to mention any of the difficulties which obstruct the theory which Dr. 
Wadsworth adopts for the origin of the "soft ores," it is sufficient to 
say that the application of Dr. Wadsworth's views as to the origin, varia- 
tions and classification of rocks in general tends to great complexity if 
not confusion, and to make of petrology and of the geology of the 
Northwest a vast impenetrable Jumble if not Jungle. 

The Eastern sandstone is considered to be of the age of the Potsdam, 
of New York. It is found to underlie a small patch of Trenton lime- 
stone. This sandstone is thought most likely to be of the age of the 
Keweenaw Point traps, of the north range, there having been intermit- 
tent trap-flows during its accumulation. At least at some places the 
evidence points that way, but Dr. Wadsworth admits that in other 
places there is good evidence of a fault line along Keweenaw point, as 
claimed by Foster and Whitney, and by Irving and Chamberlin, thus 
making the Eastern sandstone of later date than the traps. This is 
also indicated by the fact that debris from the traps is found in the 
sandstone.* He suggests the very probable existence of two sandstones 
in the "Eastern sandstone," the upper one, which is seen to be first be- 
neath the Trenton would, in that case, probably represent the St. Peter 
sandstone, and the other, if later than the traps, would be the equiva- 
lent of the St. Croix sandstone of the upper Mississippi valley, which is 
known to overlie unconformably the traps at Taylor's Falls. Between 
these two is a heavy calcareous member which ought to be represented 
by some similar layer in the eastern part of the "upper peninsula," 
and which is probably that which has already furnished some few fos- 
sils in northern Michigan. 

The "south trap range" is briefly described, and is considered to be 
made up of trap-flows intersheeted with sandstone, the sandstone being 
of the age of the Eastern sandstone, the two being as conformable as 

*The subject of the age of the Eastern sandstone relatively to the 
traps was discussed at length in the American Geologist, Vol. I, p. 
44. See also Vol. Ill, p. 342, where is given the first sufficient demon- 
stration that the Cupriferous rocks are of Paleozoic age, as distin- 
guished from Mesozoic. 
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two such contemporaneous rocks can be. We would suggest here that 
perhaps the '^Eastern sandstone** is not represented by this iniersheeted 
trap-and-sandstone formation, but rather by the other "younger sand- 
stone'' which is said to contain debris from the traps and from the older 
sandstone It is quite poi^sible that this intersheeted sandstone and 
trap formation is really the basal member of the Holyoke, representing 
the Powabic sandstone of Minnesota. That may explain the con- 
trariety of the conclusions reached by Brooks and Pumpelly and Irving, 
as compared with those of Wads worth. 

There Is a chapter by Drs. Lane and Hubbard on certain minerals, 
others by Drs. Lane and Patton on certain peculiar rocks and their mi- 
croscopic characters. 

The report as a whole is refreshing, for it indicates an earnest at- 
tempt to treat the geology of the state of Michigan according to the 
new methods, which are as different and as much better than the old 
'^Huronian*' methods as the principles of William Smith were superior 
to the floundering efforts of his predecessors. There are some notions 
in the report which we cannot accept, based sometimes on erroneous, 
preconceived ideas and sometimes apparently on bad observation. But 
it must be granted that this, being the first report of the present or- 
ganization, should be allowed the privilege of making some mistakes, 
and should be given the opportunity of correcting them in later state- 
ments when longer study shall have shown where they are. 

Seventeenth report of the Department of Geology and Natural Re- 
sources^ Indiana,— S, S. Gorby, State geologist, Indianapolis, pp. 705, 
20 plates of fossils, Octavo, 1892. With a geological map of the state, 
which shows, besides the surface distribution of the formations, the lo- 
cation of various economic industries, viz.: Stone quarries, natural gas 
areas, natural gas wells, oil areas, gas pipe lines and oil pipe lines. 
Where the drift prevails the map is left blank. 

The activities and responsibilities of the state geologist were extend- 
ed by law in 1891 so as to include the appointment and supervision of 
the following officers who make reports to him, viz.: Inspector of 
mines, Supervisor of oils, and Supervisor of Natural Oas. The reports 
of these officers make the volume largely economical, but it also in- 
cludes a chapter by S. A. Miller which describes and illustrates more 
than 150 new species of fossils. It also has catalogues of the butterflies 
and of the batrachlans and reptiles of the state. 

Prehistoric America; The Mound BuOders^ their works and relics^ 
Stephen D. Peet, Chicago, The American Antiquarian, 1892. Svo,. 
pp. 376. Numerous figures and plates. 

The author of this volume has been editor of the American Antlqua- 
rian tor many years, and is one of the best known of American antiqua- 
ries. He has had ample opportunity to become qualified to produce a- 
thorough work on the Mound Builders, with such consideration of col- 
lateral subjects as easily present themselves in studying that mysterious 
people. Mr. Peet prefaces his discussion of the Mound Builders with a 
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sketch of their possible ancestors — ^glacial man — and in this part of the 
volume geologists will have the more lively interest. 

While the author has not been among the credulous in accepting the 
supposed tokens of paleolithic man in America, he yet gives approv- 
ingly the points of coincidence between the European and American 
discoveries, and he so unites them in his presentation that it is evident • 
that he recognizes a **paleoI1thic" human age in America. He quotes 
Dr. Abbott's discoveries in the Trenton gravels and Miss Babbitt's opin- 
ions of the quartzes at Little Falls. He figures the Nam pa image, 
quotes Prof. Whitney on the Calaveras skull, and Dr. Flint on the 
**Eocene or Miocene" human footprints in volcanic tufa in Nicaragua. 
He considers that Dr. Koch's claims as to the association of human im- 
plements with the mastodon (the Miasourium of Dr. Koch) have been 
confirmed by the recent discoveries of Dr. Hughey (Aughey?) in Ne- 
braska and by his own in Ohio. In all these cases the bones of the mas- 
todon are mixed with ashes and other traces of fire, arrow-heads and 
other stone weapons. He also adopts the Davenport elephant pipe, about 
which there has been much discussion. He classes these among the 
'^mysterious races," of whose origin and whose dates we have nothing 
certain, further than that they were contemporary or immediately suc- 
ceeding to the glacial epoch. It would be well here to note an error in 
the illustration intended to show the vicinity of the * 'Second find," i. e. 
Little Falls, Minnesota (page 4). The figure instead is a reproduction 
■of a sketch map of the region of St. Anthony falls, which are about 100 
miles south of Little Falls. Aside from the doubtfulness of other evi- 
dences of paleolithic man in the United States, recently subjected to 
close scrutiny by Mr. W. H. Holmes, Mr. J. Crawford has shown (Am. 
Oeolooist, Vol. X, p. 160) that the human footprints in the volcanic 
tufa of Nicaragua are probably of even historic date, and that Dr. Earl 
Flint's observations were quite incorrect. 

Of the Mound Builders the author has made a long and thorough 
study. He comes at first to the conclusion that they were not the an- 
cestors of the modern Indians, or if they were that their works are so 
distinctive that they should be entirely separated from them in such an 
investigation. Where the remains of both are found in the same region 
they can be distinguished. 

As to the Mound Builders proper they are divided by the author into 
several classes, and into different epochs distinguishable by varying 
structures, these being the result of natural adaptation to physical sur- 
roundings, rather than of age, or stage of progress. The peculiarities 
which distinguish the works of the true Mound Builders from the works 
of more recent inhabitants of the region, *'arise from their being exclu- 
sively earthworks, and, first, their solidity; second, their masslveness; 
and third, their peculiar forms." The author makes eight geographical 
divisions of the Mound Builders, and points out severally their char- 
acters. In this, however, he evidently blends the Mound Builders with 
the historic Indians, assigning to them the same peculiarities and struc- 
tures as mark the Indians that are known to have occupied the same 
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regions. Indeed, he deduces the presumed traits of the former from the 
well known traits of the latter, and does not make it clear in what respects 
the two dynasties differ from each^other, yet he maintains that "there 
was a Mound Builders* age in this country, and that it is as distinctive 
as was the neolithic age in Europe". The neolithic age in America he 
considers to have been distinctively the Mound Builders' age. All pre- 
historic structures and mining, whether of copper, salt, steatite, mica, 
pipestone and oil wells, all workshops and stone cairns, walled towns, 
roadways and shell heaps were of Neolithic Mound Builders, who had a 
more varied and advanced culture than the Cliff Dwellers. They **fol- 
lowed hard on to the paleolithic people," but may have been separated 
from them by a conjectural age occupied by the Mastodon and Mam- 
moth, or the Mastodon's age. The author is inclined to regard this 
(latter) age as linked closely with the Mound Builders, and for this he 
relies on sundry effigies and carved pipes that have the forms of the 
Mastodon. The elephant pipe of the Davenport Academy of Sciences 
has now sufficient confirmatory later discoveries to support it, but the 
tablets containing apparently Hebrew characters are thought to have 
originated from the Mormons who once dwelt along the Mississippi 
bluffs in Illinois. 

The Mound Builders knew the Mastodon and they seem to have ex- 
tended also to the time of the Buffalo, for the bones of both, or at least 
their effigies, are well known in connection with their structures. They 
were sun- worshipers, and the symbols of their religion are seen in the 
pyramid, the square and the circle which prevail. Their foes sur- 
rounded them and they built defenses. These foes were the ancestors 
of the red Indians. The **stone-grave races," which occupied central 
Tennessee, are regarded as a division of the Mound Builders. They 
survived to near the beginning of history, when they seem to have been 
expelled by some hostile tribes allied to the red Indians, who preempted 
their sites. 

In the discussion of the migrations of the Mound Builders the author 
shows their very close alliance, and almost an identity with some of the 
early Indian tribes, that is, while stating the evidence of such migra- 
tions he draws it wholly from what is known of Indian tradition con- 
cerning themselves, and of statements from early historians. The au- 
thor, however, considers it absurd to conclude that the Indians, for in- 
stance the Cherokees or the Dakotas, were the Mound Builders or were 
descended from them. Yet he gives, in the chapter on the '^pyramidal 
mounds," the most conclusive evidence that De Soto saw the actual 
Mound Builders, in the form of Indians, inhabiting these walled towns, 
and putting to their various uses the different structures of the villages. 
Through the volume, at least in its earlier chapters, are scattered fre-' 
quent assertions that the Mound Builders were a distinct race, main- 
taining a distinct dynasty, but driven out by a hostile inroad of less cul- 
tured tribes from the north or northeast. There is, however, a pro- 
gressive modification of this idea, apparently the result of continued re- 
search by the author. It is due, perhaps, to the method of partial pub- 
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lication, as the American Avtiqwiricin^ which has from time to time 
contained much of the contents of this volume, put into printed shape 
the steps of the investigation, that some contradictions and some repe- 
titions are apparent on comparing the various "papers." We come, 
then, in the chapter devoted to "Mound Builders and Indian relics,*' to 
a direct statement like the following : 

"The Mound Builders changed to the Indian merely by contact with 
the white man (p. 273). * * * We maintain that the Mound 
Builder was a better specimen of the Indian than the native Indian is 
himself (p. 276)." 

Yet while admitting the probable conversion of the Mound Builders 
to the Indian, the author sustains the propriety of a distinction between 
them. The Indian has degenerated from the partial civilization of the 
Mound Builders, while the Mound builder maintained some traces of a 
civilization still higher, suggesting an origin from some Old World races 
who in historical records are called civilized. 

In an appendix Mr. Peet mentions the recent evidences that some of 
the tokens considered to show paleolithic men are unreliable. The in- 
terest of the reader increases toward the end of the volume, pari jxissu 
with the approach of the author to sound conclusions and to the con- 
sideration of live topics. 

The volume is clumsily put together, as a literary structure, and as a 
specimen of typography. Also much or most of the matter Is old and 
familiar. Still the author is to be congratulated on the several new 
Ideas which he brings forward, and especially on the skill with which 
he adjusts the Mound Builders with the Indians, and his final conclu- 
sion that generlcally they are the same people. 

It is to be regretted that he makes no mention of Lapham's import- 
ant work on the earthworks of Wisconsin, for Lapham wad the first scien- 
tist to announce the very conclusion to which the author finally ar- 
rives as to the Identity of the Mound Builders and the Indians, and in 
that he stood alone for many years. 

On the Continuity of the PaleolWiic and Neolithic Periods, By 
Jno. Allbx Brown, F. G. S. (Journal of the Anthropological Insti- 
tute of Great Britain and Ireland, vol. XXII, pp. 66-95, with four plates; 
November, 1892). The author's collections of stone implements have 
been chiefly near Eastbourne in Sussex, on the south coast of England 
in a district of high chalk hills with many ravines. The nodules of flint 
in the chalk furnished early man with abundant material for his work, 
and in many places the valleys and slopes of the hills are literally strewn 
with flakes and broken refuse from the manufacture of implements, 
mingled also with naturally fractured flints. Instead of the somewhat 
indeflnite two- fold classlflcation of the stages of progress in stone-working 
as paleolithic and neolithic, the author recognizes four stages, which he 
thinks to have been a continuous series. In analogy with the great 
eras of geologic time, he gives the following names to these stages of 
advancing human skill and culture: 1. Eolithic, represented byroagh- 
ly hewn pebbles and nodules, showing work with a thick ochreoua 
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patina, found on the plateaus of the chalk and other districts in beds 
unconnected with the present valley drainage. 2. Paleolithic, repre- 
sented by coarsely flaked implements from the higher river drift of the 
present valleys, and by others of similar forms found in the oldest brec- 
cia deposit of limestone caves. 3. Mesolithic, characterized by more 
skillfully flaked Implements, which appear, by their forms and often by 
the deposits containing them, to be intermediate and transitional, bridg- 
ing the interval from the preceding to the next stage. 4. Neolithic, 
with implements of polished or delicately flaked stone. In the north- 
ern parts of Great Britain,and in Denmark and Scandinavia,comprising 
the countries covered by the European ice-sheet, the only traces of 
stone-working prehistoric men belong to this latest neolithic stage, 
showing, as was pointed out many years ago by Prof. James Geikie, that 
the more ancient stages of human progress in Europe were past before 
the end of the Ice age. 

An Introduction to the Study of Mammnl8, Living and Eoctinct, Br 
William Henry Flower, Director of the Natural History Department, 
British Museum, and Richard Ltdekker. London, 1891, pp. xvi, 
763, with 357 figures In the text. This is a well arranged, interestingly 
written, and finely illustrated volume, indispensable to the zoologist and 
scarcely less to the geologist and paleontologist, since it notes under each 
genus its representation, if any,by fossil species, while for many of the 
orders their probable phylogeny or evolution is traced. Of the SimiidsB 
or true anthropoid apes of the eastern hemisphere, whicli structurally 
and in Intelligence make the nearest approach to man, the earliest and 
only fossil species known is the extinct Dryopithecus of the Middle Mio- 
cene in France, pronounced by Gaudry to be the most generalized mem- 
ber of the family. The senior author's investigations of the varieties of 
the human species refer them to three types: 1. Ethiopian, Negroid, or 
Melanian, black. 2. Mongolian, or Xanthous, yellow or brownish. 3. 
Caucasian (a * 'misleading'' term), white, but in some branches quite 
black. The aboriginal American peoples are regarded as a division un- 
der the Mongolian type, and the Malayan, Papuan, Australian, and 
Maori races are attributed to intermingling of the three types, chiefly of 
the first and second. The poverty of our geologic record is impressively 
exemplified by the entire lack of '^evidence of the anatomical characters 
of man as he lived on the earth during the time when the most striking 
racial characteristics were being developed during the long ante-historic 
period in which the Negro, the MongoHan, and the Caucasian were be- 
ing gradually fashioned into their respective types." Among the higher 
Anthropoidea man alone has been able to migrate to the western hemi- 
sphere from his place of origin, which was doubtless with the Simildse in 
the tropical zone of the Old World. His migration was apparently at a 
high northern latitude, where the severity of the climate debarred the 
passage of the apes and may very probably have made that of men im- 
possible until after they attained the art of making warm clothing. The 
antiquity of our race in America, however, shown by geologic discover- 
ies of stone implements, is accepted as almost equal with that yet proved 
for men in the old world, extending back in each hemisphere to the 
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Glacial period and therefore by necessary inference to some earlier time, 
either preglacial or interglacial, when the absence of the ice-sheets per- 
mitted migration. 

Tht Geological and Natural History Survey of Minnesota, Twentieth 
Anrnuxl Report, for the year 1891, N. H. Winchell, State Geologist, 
Minneapolis, 1893, pp. 344. In this volume, besides the summary state- 
ment of the progress of the survey and records of additions to its mus- 
eum and library, the state geologist discusses the structure and origin 
of the crystalline rocks of northern Minnesota; U . S.Grant presents notes 
of field observations on certain granitic areas in the northeastern part 
of the state, along the Kawlshiwi river and in the neighborhood of Snow- 
bank, Kekequabic, and Saganaga lakes, illustrated by a map plate and 
several figures in the text. H.V. Winchell and A. G. Lawson contribute 
the papers next reviewed in these pages; and Benjamin W. Thomas and 
Prof. Hamilton L. Smith write of fresh water dlatomacesB in an inter- 
glacial peat bed of Blue Earth County in southern Minnesota, giving a 
list of one hundred species, all of which, excepting one or two, are now 
found living in the great lakes of the St. Lawrence or in their tributa- 
ries. The peat occurs between deposits of till, being overlain by a thick- 
ness of twenty to thirty feet. In the till, both below and above the peat, 
careful examination reveals no diatoms, but only foramlnifera, radiolaria, 
and other marine microscopic organisms, which were derived from Cre- 
taceous beds eroded by the ice-sheet. 

Professor Winchell defines the principal rock terranes of the region 
northwest of Lake Superior as follows, in descending order: 

1. The Nipigon or Keweenawan series of alternating fragmental and 
eruptive beds, which south of Lake Superior are overlain by the St. 
Croix sandstone. 

2. The upper part of the Animikie series, comprising thin-bedded 
slates, silicious and actinolitic schists,magnetitic jaspers, and quartzytes, 
interbedded with sheets of eruptive rocks and of tufaceous sediments. 

3. Irruptive gabbro, bearing large quantities of titaniferous magnet- 
ite, and sometimes enclosing considerable masses of the next older 
quartzyte strata. Intimately associated with the gabbro are also acidic 
Irruptlves, as red felsytes, quartz porphyries, and reddish granites. 

4. Basal Animikie beds of Pewablc quartzyte, associated with iron 
ores and cherts, Including the important iron deposits of the Mesabi 
range. This formation also encloses sheets of volcanic outflows and 
tuffs, and is often conglomeritic with debris from the underlying 
Archaean rocks. 

All the foregoing are grouped together by Prof. Winchell as the 
Taconic system, which is divided from the Archaean by unconformity and 
a great interval of erosion. The three members of the Archasan 
group or fundamental crystalline complex are together, like the four of 
the Taconic, regarded as a grand unit in their origin and history. 

5. The Keewatin volcanic formation, consisting mainly of eruptive 
rocks and a great thickness of tuffs with more or less evidence of aque- 
ous sedimentation. These rocks are mostly graywackes, serici tic schists, 
agglomerates, conglomerates, and very fine-grained serpentinous schists- 
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6. The Vermilion series of mica schists and hornblende schists, 
more fully and generally crystalline than the preceding, but of similar 
origin. 

7. Laurentian gneiss, often conformable with the Vermilion schists, 
from which it then is distinguished by a gradual downward increase of 
feldspathic and silicious ingredients. More frequently, however, these 
lower members of the Archsean complex are divided by a zone of disturb* 
ance, upheaval, and brecciation, with dikes and laccolite masses of 
the granitic Laurentian extending upward into the Vermilion series, or 
where this is wanting, into the less crystalline Keewatln schists. Evi- 
dently some of the Laurentian rocks were fluid or plastic after or during 
the time when the overlying Vermilion and Keewatin members of the 
Archsean complex attained nearly their present lithologic conditioD. 

The Mesabilron Range. By Horace V. Wikchbll, pp. 111-180, with 
6 plates and 9 figures in the text. (Twentieth Annual Report, Geol« 
Survey of Minnesota.) The latest discovered and probably the richest 
of the numerous iron-produclng belts in the region of lake Superior is 
the Mesabi iron range, in northeastern Minnesota, lying 15 to 20 miles 
south of the Vermilion iron range, where extensive mines of hard hem- 
atite have been very successfully worked during the past ten years. 
The chief ore of the Mesabi mines is soft hematite, easily excavated 
with only the pick and shovel and capable of being rapidly worked with 
a steam shovel, lying in nearly flat deposits which have a variable thick- 
ness up to 100 feet, being usually overlain enly by 10 to 50 feet of glacial 
drift. Its earliest discovery in sufficient deposits for profitable mining 
was in November, 1890, at the Mountain Iron mine, and the next at the 
Biwabik mine in August, 1891. Since that time about twenty other 
merchantable deposits of this ore have been found, and nearly a hundred 
miles of railroads have been built for its transportation to Dulutb, to be 
shipped thence to Cleveland, where coal is cheaply furnished for smelting 
furnaces. Contracts have been made by the companies now developing 
these mines for the yearly shipment of 1,500,000 tons of ore, equal to 
about a sixth of the present lake Superior product. The cost of mining 
and loading the ore on cars is estimated to average 25 cents per ton, and 
of its delivery in Cleveland about $3, leaving a profit of a dollar per ton at 
the present Cleveland prices for ores of the Bessemer grade here mined. 

The stratigraphic relationship and conditions of origin of the Mesabi 
iron ores are well described and discussed by Mr.WincheIl,who attributes 
the original deposition of the interbanded jasper and hematite beds to 
oceanic sedimentation, both chemical and mechanical, but the present 
concentration of the ores as soft hematite deposits of great thickness 
and purity is referred to the action of infiltrating water while this area 
ha8 been a land surface undergoing slow subaerial erosion. Silicious 
portions of the iron-bearing strata have been dissolved and replaced by 
the ore, which preserves the bedding planes. Joints, and even differences 
in texture, of the original layers of Jasper, chert, taconyte, and slate. 
The underlying portion of the Pewabic quartyzte appears to have 
received the greater part of the removed silica, becoming an impervious 
floor beneath the ore deposits. The beds usually dip 10^ to 20^ S.or S.E., 
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and the width of outcrop of the ore belt is usually a half mile to one 
mile and probably nowhere exceeds two miles, while the known length 
of outcrop In Minnesota is about 145 miles, from the Missiasippi river 
at Pokegama falls east-northeast to the Canadian boundary at the west 
end of Gunflint lake. 

Sketch of the Coastal Topography of the North Side of Lake Superior 
wUh special reference to the abandonedi Strands of Lake Warren. By 
Andrew C. Lawson, pp. 181-289, with 6 plates and 15 figures in the text. 
(Twentieth Annual Report, Oeol. Survey of Minnesota.) An abstract of 
this paper, as given in the announcements of the Ottawa meeting of the 
Geological Society,has already appeared In this volume of the Geologist 
(March, pp. 177, 178), with citations of the opinions held on this subject 
by G. K. Gilbert and Warren Upham, who differ from Dr. Laws'on and 
ascribe the formerly higher levels of lake Superior, as of the other 
Laurentian lakes, to the barrier of the waning ice-sheet. Continuous 
levelling along any of the shore lines of this ruggedly hilly and forest- 
covered coast of lake Superior has been impracticable, but the altitudes 
of the old shores have been determined by levelling at forty-eight places 
from the west end of the lake at Duluth to Its southeastern angle and 
outlet at the Sault Ste. Marie. In the vicinity of Duluth the highest 
shore Is 535 feet above lake Superior, or 1137 feet above the sea; and 
the highest shore anywhere discovered Is on Mt. Josephine, near Grand 
Portage, about 140 miles east-northeast from Duluth, having an altitude 
of 607 feet above the lake. At Jackfish bay, again about 140 miles far* 
ther east-northeast, and somewhat east from the middle of the north 
coast, nineteen shore lines were identified, the highest being 418 feet 
above the lake; and at Sault Ste. Marie the highest one of eight shores 
observed is at 414 feet. In total, at the forty-eight localities where Dr. 
Lawson examined this northern and eastern shore of the lake, he recog- 
nizes, as he believes, thirty-three distinct former lake levels shown by 
deltas, terraces, and beach ridges, their average vertical distance apart 
being therefore about 18 feet. Where the highest beach was found, on 
Mt. Josephine, seven of these old shores are discernible, being in descend- 
ing order at 607,587,509, 313, 226, 43, and 20 feet above the lake. Where 
the greatest number for any single locality was found, at Jackfish bay, 
their bights are 418, 391, 367, 317,259, 238,228,176,158,136,128,119,103,85, 
57,46,33,19,and 10 feet; and at the Sault Ste. Marie, 414,365,311,224,208, 
174, 150, and 49 feet. 

Dr. Lawson thinks that this ancient lake, which was named Lake War- 
ren by Prof. J.W. Spencer, was not held in by the retreating ice-sheet 
but by land barriers, the country on the south and east having been 
relatively higher than now, and that the differential subsidence of the 
land there and contemporaneous uplifting of the country about Hudson 
bay went forward without disturbance of the horizontallty of the old 
shore lines north and east of lake Superior. On the west, however, it 
has been ascertained by Upham for the area of the glacial lake Agasslz, 
in the basin of the Red river and of lake Winnipeg, that It experienced a 
differential uplift Increasing about one foot to the mile from south to 
north during the departure of the Ice-sheet; and on the east Leverett has 
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well shown thftt the beaches of lake Warren south of lake Erie were 
contemporaneous with the accumulation of adjacent moraines (Am. 
Jour. Set., April, 1892); while the basin of lake Iroquois, the glacial 
expansion of lake Ontario, according to levelling by Gilbert and Spen- 
cer, has been uplifted like that of lake Agassiz, but with a greater 
northward ascent of the old Iroquois beach, amounting to five feet per 
mile for fifty miles from Rome to near Watertown,N.Y. It seems therefore 
improbable that these recent epeirogenic movements on each side failed 
to extend across the area of lake Superior. Under the assumption 
that they were thus continuous, the highest shores at Duluth and on Mt. 
•Josephine seem readily referable to an ice-dammed lake in the western 
part of the Superior basin outflowing in a channel eroded across the divide 
between the Bois Brul6 and St. Croix rivers (Geol. of Minn., vol. ii,p. 
643), from which there is an ascent of about 140 feet in a distance of 
120 miles northeast to the G07 feet shore terrace; but the 418 and 414 feet 
shores at Jackfiah bay and Sault Ste. Marie, with all found at lower ele- 
vations, would belong to the more extended stage of lake Warren when 
it outflowed to the Mississippi across the low divide at Chicago, about 
595 feet above the sea, whence the former lake level now has an ascent 
•of 421 feet in about 350 miles to the highest shore at the Sault. 

7'/ie American Meteorological Journal^ published now at Boston by 
Ginn & Company, was started at Ann Arbor, by Prof. M.W. Harrington, 
who is now the chief of the Weather Bureau, at Washington, and who 
remains as a '* contributing editor." The journal is a valuable one for 
all physicists who study the climatology of the country, and we can 
commend it for being ably edited and as an excellent repository of cur- 
rent discussions of the principles and progress of meteorology. 

Geologic Atlas of the United States. The following sheets have 
been issued as geological maps, dated Oct., 1892, Chattanooga, Kingston, 
and Hawley; also the Sacramento sheet, dated Jan., 1893, and the Lassen 
Peak sheet as ^'preliminary edition of 1892.'' Each sheet area is repre- 
sented by four sheets, one giving the topography, which is expressed by 
contour lines at intervals of 100 feet, one the areal geology, one the 
economical geology, and the fourth, structure sections or other illustra- 
tions. These four sheets, which are colored according to the conven- 
tions of the survey, are accompanied by four or five other sheets or 
pages of descriptive text, and the whole are loosely embraced in a folded 
-case of heavy manilla paper, on the front or title-page of which is an 
*Mndex map" showing at a glance the position of the mapped area with 
respect to the rest of the country. 

These five sheets are the first completed product of the United States 
Geological Survey. When the whole country shall have been repre- 
sented in this style, the United States will have a geological and general 
descriptive atlas of which no American will be ashamed. 

8ur la constitution des d6p6ts quatemaires en Russie et leurs rela- 
tions aux trouvailles rdsultant de Vactiviti de Vhommeprihistorique, 
By S. NiKiTiN. 34 pp.. In Report of the International Congress of Arch- 
SDologists, Moscow, 1892. At the close of this paper, the distinguished 



358 Tlie American Geologist. May. isss 

author, writing from his point of view as a geologist, gives the following 
summary of his conclusions relating to the earliest traces of man in 
Russia and his relationship to the Glacial period. 

1. The subdivision of the age of stone into the Paleolithic and Neo- 
lithic epochs should be defended for European Russia, because It coin- 
cides with the geologic division into Pleistocene and Modern, based on 
paleontologic data. 

3. Study of the glacial deposits of Finland and western Russia fur- 
nishes no proof of two distinct epochs of glaciation and an interglaclal 
epoch; all the facts can be explained by the oscillation of the ice-sheet 
during its retreat, which was gradual but irregular. 

3. Even if one accepts the Swedish and German theory of the subdi- 
vision of the Glacial period in two epochs, the second glaciation can be 
affirmed only in the northwestern area, in a limited part of the Baltic 
region of Finland, and of the province of Olonetz. 

4. The remaining part of Russia subjected to glaciation has only 
drift corresponding to the first glacial epoch of Swedish geologists. 

5. At the time of maximum glaciation, the greater part of Russia 
presented the aspect of a desert of ice, comparable with that of Green- 
land; it bore no drift on Its surface, and had no elevation above the ice 
sheet, where vegetation could be preserved. 

6. The time corresponding to the interglaclal epoch and to that of 
the second glaciation of Swedish geologists was probably for the greater 
part of Russia the epoch of formation of the ancient lake deposits, loess, 
and highest river terraces, containing bones of the mammoth and other 
extinct mammals, which abounded while Scandinavia and Finland were 
still covered by the ice-sheet. 

7. Agreeing with the composition and origin of Its Quaternary de- 
posits, Russia may be subdivided in a series of districts characterized 
by variations in the fauna of the immense Russian plain during the 
Quaternary era and the formation of its superficial deposits. 

8. In the second half of the Glacial or Pleistocene period, the mam- 
moth and other large animals lived in great number in southern and 
eastern Russia. As fast as the ice-sheet retreated, these animals ad- 
vanced to the north and northwest; toward the end of the Pleistocene 
they reached Finland for a very little time, and then disappeared soon 
throughout Russia, but probably lingered latest in its northeast part 
and in western Siberia. 

9. Man lived contemporaneously with the mammoth during the second 
half of the Glacial period along the boundary of the glaciation, possessing 
much industrial skill and using fire, but producing only implements of 
flaked flint. Following the recession of the ice-sheet man advanced 
toward ihe north and northwest, reaching Finland and the Baltic region 
after the end of the glaciation and after the disappearance of the mam- 
moth; but he then had attained the more advanced culture of the Neo- 
lithic epoch, making both flaked and polished stone implements, pot- 
tery, etc. 

10. European Russia presents no traces of man^s existence during 
the first half of the Pleistocene or any earlier time. 
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Geology and mineral resources of Kansas^ with a geological and 
contour map of the state, Bobebt Hay. World's Fair edition, octavo, 
pp. 66. (From the eighth biennial report of the State Board of Agrical- 
tare, 1891-92.) Topeka, 1803. 

This pamphlet amounts to a compendltim of the geology of the state, 
including its economic relations. The topographical map is very general- 
ized, the whole state being embraced in two octavo pages. 

The range of formations is from the Sabcarboniferous (Keokuk) to 
the present, omitting, however, the Jurassic and Triassic. The Ck»m- 
anche Peak beds and the Trinity sands of Texas are found to extend 
into Kansas, the two having a thickness of 150 feet. These and the 
''Permian " cover a horizon of beds whose age has been the subject of 
much difference of opinion. The '* red beds," here called Permian, have 
been put in the Triassic by most geologists, and the Trinity sands are 
claimed as Jurassic by Mr. Marcou, who also identified the Comanche 
Peak beds as Neocomian. Mr. Cragin has applied locally the name 
**Cheyenne sandstone" to the formation called Trinity sands by Mr. 
Hay, although Mr. Cragin was latterly disposed to admit that the 
Cheyenne sandstone represents the northward extension of the Trinity. 

After a brief description of the various formations in their typical out- 
crops, or as discovered by deep wells, the economic products of each are 
enumerated, and their value to the material development of the state is 
presented. The important mineral products of the state are lead and 
zinc, coal, lignite, rock gas, salt, gypsum, cement, lime, building stone, 
clay, vitrified brick, mineral waters, and the surface soil. The work 
will serve, as doubtless it was designed, as a convenient hand-book of 
the natural resources of the state, for general distribution at the World's 
Fair at Chicago. 

The Eocene and Oligocene beds of the Paris basin, accompanied by a 
geological map. Oeoroe F. HARKisand Henry W. Bubbows. 8vo., 
120 pp. (Read before the Geologists' Association, London, Apr. 3,1891.) 

The Paris basin is the typical area for the Tertiary terranes. There 
Cuvier and Brongniart did their classic work, and thither Lyell repaired 
for comparison of his English studies with those of his French con- 
freres. De Blainville, P. Gervais, Pictet and latterly Gaudry followed 
Cuvier in giving to science a restoration of the extinct vertebrates. 
Such names as Deshayes, Lamarck, Lambert, DeBoury, Defiance and 
latterly Cossmann are forever linked with Its molluscoldea. Its strati- 
graphic succession has been dissected, compared and established, first 
by the original explorers, Cuvier and Brongniart, and subsequently cor- 
rected and more minutely described by many savants. Foreign students 
have a vast amount of geological literature to consult should they desire 
to know the Paris basin thoroughly. 

It has been the task of Messrs. Harris and Burrows to furnish an 
epitomized English re-description of the whole, in the light of the pres- 
ent condition of knowledge, eliminating, correcting, and supplying new 
material. The nomenclature is revised in accordance with accepted 
rules. Typical field sections of the various members of the series are re- 
produced, with directions how to find them. Tables show the names and 
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stratigraphic distribution of all the species. The work really affords 
a useful condensed manual of the actual Paris basin according to the 
most recent views without attempting to make correlations with English 
localities. It would be a reasonable sequel to this work if the authors should 
continue their study so as to warrant them in indicating the English 
•and, if possible, the American parallels of the strata of theParis basin. 

Notes on the Correlation table of BrUishand continental Tertiary strata. 
•George F. Harkis. (Extracted from Newton's **Systematic list of 
the Frederick E. Edwards collection in the British Museum/' London, 
1891.) The table itself is *'An approximate correlation of the Tertiary 
beds of Europe'^ — an outgrowth or accompaniment of the work above 
reviewed. The "Notes" call attention to and reproduce various other 
classifications, viz.: that of Mayer-Eymar in 1884; those of Dollf us of 
1875, 1877 and 1889 ; Oosselet in 1888; Prestwich in 1888; and of Stremm, 
Meig, and Bertrand & Kilian in 1888. 

A revision of Uxe British fossil Catnozoic Echinoidea. J. Walter 
'Gregory. (Proceedings of the Geologists' Association, Vol. XII, Xos. 
1 and 2, Julv, 1891.) 

The author brings to bear on his results a study of all available col- 
lections, public and private. Under each species he gives **the present 
resting place of its type specimen," and adds a general account of the 
•collections in the various museums. He adds five foreign species to the 
English fauna, describes eight new species, two of them belonging to 
-genera new to the British area, discards six English species as syno- 
nyms, and suggests, (1) that the London clay echlnoids are dwarfed 
subtropical forms, (2) that the lower Eocene echlnoids are more allied 
to the lower than the upper chalk, (3) that some connection must have 
been established between the British sea and that of the Mediterranean 
basin in the middle, and perhaps upper. Eocenes, and (4) that the most 
-striking feature in the Crag echinoid fauna is that it Is of twofold ori- 
gin; since in addition to the ordinary North Atlantic forms it contains a 
series of genera found in the Mexican and Antillean regions, or of 
-species most closely allied to these, which testifies of some direct con- 
nection of warm, shallow sea, and probably points to the past existence 
•of at least a ridge or chain of islands across the southern part of the 
North Atlantic. 



COREESPONDENOE. 



The Older Drift in the Delaware Valley. In the March num- 
ber of the Geologist professor A. A. Wright makes some statements 
concerning the older drift of the Delaware valley to which I should like 
to respond briefiy, going back to the time his original paper on the sub- 
ject was presented, as well as one by professor G. F. Wright bearing 
on the same question. 

This was at Rochester, in August, 1892. On that occasion I was 
much surprised to learn that professor G. F. Wright (whose paper was 
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presented before professor A. A. Wright's) had interpreted my report 
(in the annual report of New Jersey for 1891) as saying that the ice 
went south to Trenton and Morristown during the ice epoch antedating 
the last. I promptly indicated that I had never intended to convey this 
impression. In my report, I referred to various localities where drift 
which I regarded as glacial occurs outside the moraine. After men- 
tioning these localities, I stated my opinion that the drift there found 
was glacial, and that it antedated the moraine epoch by a long interval 
of time. I then went on to mention other localities where glaciated 
stones and drift occur, not specifying that it was glacial drift. I have 
never at any time felt sure that it was such, and on the very page (107) 
where the localities of glaciated stone are mentioned, I took pains to 
specify that glaciated stones are no proof that the deposits containing 
them are directly glacial. Nevertheless, since the report was inter- 
preted as I did not intend it to be, I am ready to concede that I am at 
fault, for it is a writer's business to write so that he cannot be misunder- 
stood. Of ambiguity, therefore, I am doubtless guilty. 

But when the correction was publicly made, as it was at Rochester in 
August, 1892, immediately after professor G. F. Wright had presented 
his paper, it would seem that the correction might have been accepted. 
But In the March Geologist professor A. A. Wright says: **Since it 
was pointed out that these different southernmost deposits are all with- 
in 100 feet above tide and have doubtless been transported by water and 
floating ice from the glaciated area, the author quoted has, as I under- 
stand, relinquished any claim that he may seem to have made that an 
ice-sheet ever extended further south than High Bridge and Pattenburg, 
N. J.*' It would be difficult to relinquish a view which I never held. 
Since I only *'seem to have made" the claim, professor Wright doubtless 
knew of my disclaimer, which was made before the presentation of his 
paper. It is, therefore, not clear why he should '^understand" that I had 
relinquished the claim after the pvhlioaJ^n of his paper, which followed 
the retiding by an interval of some months. I was perfectly well aware 
of the altitude at which the deposits In question occur from the begin- 
ning, since I had been on the ground with the topographic maps in hand. 
Furthermore, the fact that the deposits are low has no decisive signifi- 
cance as bearing on their origin. 

Professor Wright also quotes me as referring to *'a subdued terminal 
moraine eastward from Trenton," when my words are "The topography 
in this region east of Trenton is very much like that of a subdued ter- 
minal moraine." My statement concerning the topography is strictly 
true. The reader must judge whether the quotation of professor 
Wright fairly represents what I say. More than one writer in the past 
has referred to the moraine-like topography of certain parts of Florida* 
It is to be hoped that they may be spared the fate of being quoted as 
saying that there are moraines there. 

So far as professor Wright's further statements are concerned I only 
wish to add that, if I have seen them correctly, the * 'deposits between 
the moraine and the southern border of the glaciated area'* are not "es- 
sentially the same as that of the moraine Itself and of the deposits north 
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of the moraine;" and that further, so far as I am familiar with the region, 
there are not **many places" in New Jersey where there are such 
accumulations of bowlders that **the moraine could well be brought 
further south than it is plotted, without doing violence to the facts." 
That there are ^'abundant accumulations of bowlders and till" south of 
the moraine is certain; but that they are such as to make it possible to 
bring the moraine further south is not true of any single locality wHh 
which I am familiar. Since, however, I have not seen the moraine and 
drift outside it at every point, I will not attempt to say that professor 
Wright's statement is necessarily wrong. But the criterion for the 
position of the moraine is something else than **8uch abundant accumu- 
lations of bowlders and till." R. D. Salisbury. 

Remakks on Mk. Andrew C. Lawson's Sketch of the coastal topogra- 
phy of the north side of Lake Superior ^fJUh specUil reference to (he cOxin' 
doned strands of Lake Warren. (20th Ann. Report Geol. Survey, Minne- 
sota.) 

P. 274. — Terrace boo/— **Recognized as early as 1847" (by Logan — Re- 
port Geol. Sur., Canada). 1st. Logan's terraces are three miles below 
the PetUs EcrUsj sixty nUles east from Terrace bay of Lawson. 2d. Lo- 
gan saw them in 1846, not 1847, and described them in his Report of 
Progress for the year 18i6'7, page 35. 

The same terraces are beautifully represented in Aga^siz's Lake Super- 
ior, frontispiece, and described at p. 66, as Rivi^e d la Chienne (Dog 
river of Lawson). 

In Agassiz's Lake Superior, there are represented other terraces at 
Toad river (Riviere aux Crapauds), between Montreal river and Michi- 
picoten (page 54). I suppose Mr. Lawson calls it Sand river? J. M. 

Don Pedro de Salterain y Leguarra, Head Geologist of the Span- 
ish West Indies, died at Havana, the 20th of February last. Born at 
Trun on the river Bidasoa, Bicaye, the 12th of March, 1835. Salterain 
was appointed mining engineer in 1858, by the Spanish government, 
and had charge of the celebrated copper mines of the Rio Tinto, near 
Huelva. Then he was transferred to the famous quicksilver mines of 
Almaden, and three years after he was sent to Cuba, as chief engineer 
of the Oriental district of mines. He became inspector-general of mines, 
and had charge of all the geological and mining surveys of the islands of 
Cuba and Porto Rico. His paper: **Breve resefia de la Mineria de la isla 
de Cuba," 1883, gives a good description of all the mines existing in Cuba. 
His geological works, which are the most important, are: first, a de- 
scription of the **Juridiciones de la Habana y Guanabacoa'^ with an 
excellent geological map of the environs of Havana, Madrid, 1880; and 
spcond, his complete geological map of Cuba, scale 1:2,000,000, 1869-83, 
published with Don Manuel Fernandes de Castro, Director of the Geo- 
logical map of Spain, in the Boletinde la Comision del Mapa Oeologtco 
de Espaila, Madrid, 1884. Besides Salterain wrote several papers on 
the earthquakes of Cuba. He was a modest and most exact observer. 

tf . M. 
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SiGNOR Fblice Giobda.no, Director of the Geological Survey of Italy, 
died 16th of July, 1892, at Vallombrosa, a summer resort 1q the Tuscany 
Apennines, where he was spending his vacation for his health, much 
impaired two years previously by a very severe attack of influenza. He 
fell into a deep ravine, and was found dead. Giordano, in his journey 
round the world, 1872-74, visited extensively the United States and 
Mexico, stopping first in California, and then crossing over by the Great 
Salt lake, to the Mississippi valley. He passed one week in September, 
1874, at Cambridge, with his old friend Jules Marcou. At New York 
Mr. S. F. Emmons showed him all the works and collections made by 
the survey directed by Clarence King, and ever since Giordano kept an 
excellent remembrance of Mr. Emmons, asking often about him and his 
new works. 

Extremely modest, very learned, Giordano published from 1864 to 
1802 forty-five papers on geology, mining industry, and his voyages to 
Borneo and in Southern Asia. With his friend Quintino Sella, he made 
the first successful ascent of the Matterhorn (Monte Cervino), from the 
Italian side of the Alps, in September, 1868, only two days after Tyn- 
dalPs ascent from the Valais side. 

Giordano was Chief Inspector of the Mining Engineer corps of Italy, 
and the head of the corps ; he was also the first Director of the '^Service 
de la Carte Gtologique" at Rome. He has been succeeded by Slgnor 
Niccolo Pellati, as Director and chief of the **Real Corpo delle Miniere.'^ 

J. M. 

J. J. CoLLENOT, a well known French geologist and paleontologist of 
Semur, Cdte-d'or, died during the fall of 1892. His very large and fine 
coUeetlon of Jurassic fossils, more especially of the Lias, attracted to 
Semur many geologists, among them the great paleontologist Alcide D'Or- 
bigny, who took Semur {Sinemuria in Latin) for his typical locality of 
the Lower Lias, called by him Sinemurian. Many of the Liassic fossils 
bear the name of Collmotti^ In honor of Monsieur Collenot, who pub- 
lished a remarkable geological description of the vicinity of Semur, near 
Dijon. 

Collenot was a successful public notary, who retired from public life 
with a handsome competency, which allowed him to pursue his geologi- 
cal researches. His collection was thrown open to every observer, and 
he received in the most friendly and hospitable way all geologists, more 
especially foreigners, for he used to say: ''Farther distance from which 
a geologist comes to see me, the more I must try to please him." Be- 
sides loading him with fine fossil specimens, he treated his visitors to 
the best of Burgundy wines. Professor Alpheus Hyatt, of Cambridge, 
always remembers and speaks with enthusiasm of the cordial reception 
and treatment of Collenot, when he visited him in the seventies. 

J. M. 
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PERSONAL AND SCIENTIFIC NEWS. 



The Missouri Geological Survey has just passed through the 
hands of the 37th general assembly, with a considerably reduced 
appropriation. Twenty thousand dollars were allotted for the 
maintenance of the survey during the next two years, including 
printing. The cause of the reduction was a recent diminution in 
the rate of taxation. The non-partizan character of the organiza- 
tion of the survey also militated against it in the hands of the 
dominant party. 

The Minnesota Geological Survey received a cash appropria- 
tion of ten thousand dollars at the hands of the late legislature. 
This is to be used exclusive of printing, and, united with the pro- 
ceeds of the Salt Spring fund, will sustain the survey during the 
next two years. 

There has been an order issued by the Michigan Board of 
Geological Survey to remove the headquarters from Houghton to- 
Lansing. All the employes of the survey were dismissed May 1st 
There is a strong sentiment against the union of the Survey with 
the Mining School, in the directorship, and that seems to be the 
cause of the action taken. The citizens of the northern p>enin8ula, 
however, insist on retaining the Survej' headquarters at Houghton, 
near the school but not directly connected with it. 

The Governor of Georgia has appointed W. S. Yates, of the 
Smithsonian Institution, Washington, State Geologist of Georgia, in 
place of Dr. J. W.Spencer. 

Apatite in Norbotten, Norway. — In the'^Neues Jahrbucb 
fiir Mineralogie," 1893, page 38, G. Loesstrand gives the resnlt 
of his observations on the occurrence of apatite in this district. 
After mentioning the researches of BrOgger on the scapolitic 
gabbros of Norway-, and the fact that they are very rich in apatite, 
Loesstrand goes on to say that although the olivine-gabbro is rich- 
est in apatite, yet its occurrence seems to be restricted to 
districts where the original formation contained a good deal of 
apatite, and that this mineral did not seem to be so much in the 
gabbro itself as where it came in contact with hornblende slates. 
The gabbro contained most apatite where hornblende slates appeared 
in intimate association with it. When the gabbro was permeated 
with stringers of pegmatite, apatite was very likely present, and 
when these pegmatite lodes contained a good deal of plagioclase, 
the chances of finding apatite were still further increased. A& 
usual accompaniments of the apatite he mentions titanium mine- 
rals, hornblende, enstatite, mica, scapolite, epidote, and tourma- 
line. One of the lodes traversing the hornblende slates, gneiss 
and gabbro carries rose-red quartz and salite at one point, and 
farther away hornblende, plagioclase, quartz and tourmaline, and 
what is of special interest, crystals of scapolite 7 in. long and 
1.18 in. thick. 



THE 



AMERICAN GEOLOGIST 



Vol. XL JUNE, 1893. No. 6 



A NEW FUNGUS FROM THE COAL MEASURES. 

By H. Hbbzsb, Berea, O. 
Plate IX. 

Genus INCOLARIA, n. gen. 
Zncolaria Beonriformis (n. sp.). 

Evidences of the presence of acotyledonous plants of soft cellu- 
lar tissue, such as Fungi, during the Carboniferous period, grad- 
ually multiply. It is not the abundance of the same species that 
we find, but representatives of various tribes of this family, in- 
dividualizing their genera or species. The present genus had 
hitherto not been recognized by geological researches. However 
meager these finds are, it is a gratifying fact that so much of the 
flora of remote ages is disclosed to us. 

Our genus was of the peculiaritj'^ to colonize in fissures of harhj 
filling thefm throughout their extent along the principal ctxis^ ac- 
commodating itself to the irregvlar /orms of the opening and send- 
ing laterally f from the length of its stem, numerous vertical, hroady 
rounded, securiform, thin mycelia, 1|- to 2 inches in diameter, threes 
or four of them overlapping each other irregularly at different dis- 
tances, ten of them thus presenting themselves. 

The Fungus here described is similar in habitat to Lesquereux's- 
Rhizomorpha sigillarise. It was found under the bark of a Sigillaria 
imbedded in the Zoar limestone, Tuscarawas Co., 0., and its peculiar 
undulating outlines contrasting with the linear fluting of the Sigil- 
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laria arrested my attention at once. Parts of carbonized bark are 
still attached to the Sigillaria and between the mycelia of the fun- 
gus thin layers of coal are observable, showing that an effort was 
made by the resinous bark to exclude the intruder in coating it with 
its substance, until the fungus prevailed, separating the bark from 
the decaying substratum, and in falling was buried in a calcareous 
sea; hence the impossibility of preservation of its cellular arrange- 
ment or filamentous texture. The fine calcareous mud has filled 
its soft and loose tissue, calcifying it thoroughly, leaving only its 
unmistakable form and habitat. The Sigillaria, retaining some of 
its carbonaceous matter with faint traces of cicatrices, is thinly 
covered with fine fragmentary crinoids and shells, as is also its 
parasite. The limestone slab, bearing on its surface these forms, 
contains the common fossils of that time. 

The substance of the fungus above described is of dirty yellowish 
color and of chalky softness, quite different from the hard, dark- 
bluish limestone. It is without any carbonaceous matter, fully 
concurring with another most remarkable fungus of a quite differ- 
ent genus from coal No. 5, Tuscarawas Co. , 0. , the substance of 
which is essentially the same. The latter is a most remarkable 
preservation with cellular arrangement and sporiferous tubes, and 
is astounding in size and generic character. It will be described 
in another paper. 



RECENT CHANGES IN THE MUIR GLACIER. 

By S. Prentiss Bau^win, Gleveland, Ohio. 

A comparison of the measurements of motion of the Muir gla- 
cier made by Prof. G. F. Wright, in 1886, with those made by 
Prof. H. F. Reid, in 1890, brings out strongly the dependence of 
a glacier upon the minor and perhaps local changes of climate, and 
the rapidity with which the effects appear. 

In 1886 Prof. Wright reported a rate of sixty-five to seventy 
feet a day in the most rapidly moving portions;* but in 1890 Prol 
Reid found no higher rate than a little over seven feet a day.t 
The bare statement of this apparent discrepancy, without 
any explanation, verj' naturally led, at first, to the belief 
that one set of measurements must be incorrect, and as 



♦Am. Jour. Sci., Jan., 1887; Ice Age in North America, 1889, p. 50. 
+National Geographic Magazine, vol. iv, p. 44. 
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Prof. Wright's observations were confessedly made with less care 
than Prof. Reid's his resnlts were discredited. For that reason 
it seems necessary, before explaining the causes of difference, to 
turn attention for a few moments to the measurements themselves. 
This is made more necessary by the strange position taken by a 
recent writer, who, assuming that a glacier always moves at the 
same rate, and assuming that the measurements were taken in the 
same place, and in similar manner, has overlooked the statement 
made by Mr. Gushing, that *■ ^undoubtedly the ice was in more rapid 
motion at the time of Prof. Wright's visit,"* and overlooked the 
other literature of the subject, to attribute the entire discrepancy 
to inaccuracy of Prof. Wright's observations, t 

When Forbes began his observations on the Mer de Glace, in 
1842, he made the following table of the results given by pre- 
vious observers, and after perusal of the table he declared that no 
confidence whatever could be placed in their records. 

Bakewell 540 feet per year. 

DelaBeche , 600 •* ** ** 

Shlrwell 300 *** " " 

Rendu 365 " ** ** 

Saussure's ladder 375 ** '* ** 

But Rendu pointed out to him the reason for the differences, 
and in 1845 Forbes seems to have accepted Rendu's point of 
view. Prof. Tyndall says in his **Glaciers of the Alps:"t '*The 
numbers in the above table differ widely, and it is perhaps natural 
to conclude that such discordant results are of no value, but the 
fact really is that every one of them may he perfectly correct, " This 
old lesson is perhaps not yet quite out of date. 

The reasons for the discrepancy may well be divided into three 
classes: first, the probable error; second, difference in manner or 
locality of measurement; and third, actual difference of motion of , 
the glacier. 

1. Probable Error. 

A. When Prof. Wright's results were announced six years ago, 
comparatively little was known of the motion of the glaciers in 
Greenland, or of other large glaciers, and the contrast of the Mulr 

*Amebicak Geologist, Oct., 1891, p.216. 

fW J McGee, Am. Anthropologist, Jan., 1893, p. 89, and Science, Bee. 
2, 1893, p. 317. 

tPage 305. 
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motion with the few feet a day of the Alpine glaciers raised, at 
once, the feeling that such motion was impossible. But, at the 
present day, I would hesitate to take time to show the inherent 
possibility and probability of such motion, except that the work 
done by Danish geologists in measuring the rates of many Green- 
land glaciers seems to have escaped the notice of a recent writer 
in Science, who alludes to Prof. Wright's measurements as not **in 
harmony with all other observations. "* 

Mr. Upham has kindly sent me the following notes from an 
article on ' *The Inland Ice of Greenland, '' in the Scottish G«c^raphi- 
cal Magazine :t ^'The velocities of the same glacier at different 
seasons have also been partly determined. During this work, 
fluctuations have been discovered, of which the nature and cause 

remain completely unknown The measurements of twenty. 

five or thirty glaciers ending in deep fiords prove that the 

middle portions of all these glaciers, at the period of quickest mo- 
tion, have an average velocity of 51 feet in twenty-four hours, or 

a little over two feet per hour The true home of icebergs 

is the coast betwevi 68^^ and 75^ north latitude, which contains 
all the large ice-fiords on the western side that are thoroughly 
known. The most southerly, the Jacobshaven fiord, has been 
most minutely explored, and the observations extend over 
many years. The depth of the glacier in the center prob- 
ably amounts to considerably over 1,000 feet The breadth 
is 14,000 feet, and the middle part moves in July (>3^ feet 
iti 24 hours (Helland, 1875). About 4,000 feet nearer the side, 
in March and April (Hammer, 1880) the speed was 33 to 51^ 
feet. The declivity of the whole glacier was only ^^ . . . . The 
examination of the next section, from 69f^ to 72^^, was the 

work of Steenstrup The Torsukatak glacier is 25,000 feet 

broad, and the velocity at some distance from the center is 16 to 
25 feet in 24 hours (according to Helland, 29,000 feet broad; 
velocity in the center, 30 to 32 feet)." Karajat glacier, 19,000 to 
22,000 feet wide, velocity 22 to 38 feet. ItivdUarsuk glacier, 
17,500 feet broad, velocity 46 feet in April, 21 to 28 feet in May. 

Between 72^^ and 75^, in the Bay of Augpadlartok »*the 

branch of the inland ice, which there descends into the sea, has 

*W J McGee, Science, Dec. 2, 1892, p. 317. 

fVol. v, pp. 18-28, Jan., 1889, translated by W.A. Taylor from Dr. H. 
BInk in ''Zeitschrift der Gesellschaft fftr Erdkunde zu Berlin, vol. 23,. 
No. 5." 
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the highest rate of velocity ever observed in a glacier, namely, 
100 feet in 24 hours, or over 4 feet an hour. A measurement at 
about the same point gave only 34 feet per day in April. " 

In another place* we find that Prof. Steenstrup writes to Prof. 
Joseph Prestwich: <'Mr. Care Ryder has measured a progress or a 
flow of the great glaciers, ninety-nine feet per diem or in twenty- 
four hours in summer, and thirty to thirty-five feet in twenty-four 
hours during winter months." 

The great size of the Muir glacier may well lead one to ex- 
pect a high rate of motion, while its form, and the small outlet 
through which its several hundred square miles of ice must be 
forced, would point to even a higher rate. The measurements of 
1886t were taken with a sextant, reading by vernier to ten seconds, 
from a base line, which was very carefully measured several 
times. They were taken every four days, and every reading was 
made independently by Prof. Wright and the writer, and in case 
of disagi*eement each read the angle again. In no case did the 
two readings differ by more than twenty seconds, and seldom more 
than ten seconds, a variance which would not cause more probable 
error, in the greater motions, than a few inches or a foot The 
central portions of the glacier were so broken that it was impos- 
sible to cross or to set flags near the center, so measurements were 
taken to certain well defined pinnacles of ice. 

From the fact that Prof. Reid*s party were unable to recognize 
from day to day an}' definite ice pinnacles from their base line, 
it has been suggested that Prof. Wright may have mistaken one 
point for another. Professor Wright's base line was at the same 
level as the ice surface, and the faster moving points were white 
seracs of unusual form, seen against the dark background of the 
mountain beyond, while several of the nearer points were black 
with moraine matter and were seen against the white ice be- 
yond. 

Prof. Reid's base line was several hundred feet above the level 
of the ice, and he, of course, saw each point projected against its 
own color. I well remember that we could not recognize our 
points when w6 were above their level. The identification was 
complete, for to this day I remember the points well enough to 

♦Nature, Dec. 29, 1887. 

tFor full account see Am. Jour. Sci., Jan., 1887, p. 8, and The Ice Age in 
North America, p. 50. 
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sketch them so that Prof. Wright could recognize each one and 
call it by name. Prof. I. C. Russell writes me that in his attempt, 
in 1890, to measure the motion of the Seward glacier, his base line 
was on the same level as the boulders and pinnacles to which he 
sighted, and the identification was complete. 

In fact, a re-examination of the measurements shows no room 
for error more than the probable error necessary to any observa- 
tions under such conditions. What this is cannot be exactly as- 
certained. Prof. Reid gives as the possible error in his observa- 
tions two feet, or a ratio of 2:7. Prof. Wright's measurements 
were made with a less accurate instrument, but, on the other hand, 
the ratio of probable error decreases as the distance measured is 
greater, so that 2:7 would seem too large. That ratio would be 
twenty feet, but the probable error can hardly be more than ten 
feet, with a possible eiTor of fifteen. 

B. Prof. Reid, finding it impossible to identify seracs from his 
base line, undertook to set a line of flags across, and measured 
their motion with a theodolite, from two points on opposite sides 
of the glacier. * 

Prof. Reid made only two observations on his most rapidly mov- 
ing flags, on July 21st and four da3's later, but on the flags nearer 
the sides he was able to make several measurements. He gives 
two feet as the amount of possible error on his central flags. Thus 
it would seem that only a very small part of the discrepancy 
can be explained by inaccuracy of observation. 

2. Difference op Method or Locality. 

A. Prof. Reid, speaking of his inability toflnd the direction of 
motion from his observations, says: *»This, however, was unim- 
portant, for the direction is given by the moraines, which were 
about at right angles to the line E-E. " This seems not quite ac- 
curate, for examination of the map shows that the moraines of the 
eastern half are crowded by the strong stream from the north 
more and more toward the east side, as they near the front of the 
glacier, without anj'where turning toward that side. 

According to Prof. Reid's map, the moraine from Nunatak I, 
in moving two miles down the glacier, is forced three-fourths of a 
mile to the side. The moraines from Nunataks H and I, in mov- 
ing one and a half miles down, move flve-eighths of a mile toward 

*Nat. Geog. Magazine, vol. iv, p. 43. 
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each other, while the moraine from H is forced one mile toward E 
in a distance of two miles. The moraine from Granite canon in 
moving down three miles is forced sidewise more than one and a 
half miles. From this it is evident that at any point of the mo- 
raine the direction of motion is not the direction indicated by the 
moraine at that point, but varies from that course 15° to 45° to 
the east. So the moraines at the line of sight indicate a motion 
at right angles to that line, while they are really pushed sidewise 
toward E rapidly enough to increase Prof. Reid's most rapid rate 
by one-fifth, or more than a foot, and to become an important fea^ 
ture in higher rates. 

B. In regard to the localities of the measurements, it must be 
noted that the ice-front was 3,000 feet farther back in 1890 than 
in 1886, but all the measurements were taken within 6,000 feet of 
where the ice-front of 1886 stood. 

In 1890 the part of the glacier where Prof. Wright's points 1, 
2, and 3 had been, was gone; the part which contained 4 and 5 
disappeared while Prof. Reid's party were camped there; and the 
localities of 6, 7 and 8 had become nearly the land front of the 
ice. Prof. Wright's point 5 was farthest back, but that was at 
least 1,200 feet in front of Prof. Reid's line of measurement 
Prof. Wright's point 2 was 3, 700 feet in front of that line. It 
should be stated that these points are not accurately located on 
Prof. Wright's sketch map in the **Ice Age in North America." 

Examination of the glaciers of the Alps has shown that very 
considerable local differences of rate are caused bv a small variation 
in descent or form of the bed. The Muir glacier must be subject 
also to more or less local influence from the side glaciers entering 
it, but it would hardly seem that these causes could account for 
more than small differences. They may have been responsible for 
a part of the seeming discrepancy between the measurements of 
the two seasons. 

C. Prof. Reid, finding it impossible to cross the glacier was un- 
able to set flags over a distance of fifteen hundred feet in the 
most crevassed and most rapidly moving portion of the glacier. 
That his measurements thus fail to give the highest rate then ex- 
isting on the glacier. Prof. Wright has pointed out in his last 
book* and this undoubtedly explains a part of the discrepancy, but 

*Man and the Glacial Period, 1892, p. 47; also American Geolooibt^ 
Dec, 1892, p. 397. 
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Mr. Cashing has recently well shown that it is quite incompetent 
to explain the whole difference between eight or ten feet and sixty- 
five feet * 

3. Actual Difference of Motion of the Glacier. 

A. Mr. Gushing first pointed out the connection between the 
reduced rate of motion found in 1890 and the remarkable changes 
of condition which had taken place since 1886, t and Mr. Upham 
has quite recently attributed the apparent discrepancy in part to 
that same cause,t but the extent of these changes and of their 
effect seems not to have been fully shown. 

So much evidence of recent recession of the glacier has been 
given in all late accounts, and Mr. Cushing has so clearly pre- 
sented that evidence to the readers of this magazinej that little 
comment is necessary. Suffice it to say that the glacier has been 
retreating very rapidly for the last fifty or one hundred years, 
leaving long stretches of moraine upon which no soil has formed 
and no plant grows, although the r^ion is very favorable to v^e- 
tation. The eastern half of the glacier seems to have very little 
motion, and to receive very little re-enforcement from winter snows. 
In fact, it is entirely cut off from its sources of supply, and re- 
treats down its valleys instead of up. Where we should expect 
n^v6 we find a lake and the melting end of the glacier. Mr. Cush- 
ing says: '^Hence the ice lying in Granite cauon presents the same 
features as that in Main valley. The ice is inert It has no 
feeders. It has disappeared from the upper portions of the val- 
ley while yet lying in considerable force in the lower portion. It 
diminishes in altitude toward the head of the cafion, the highest 
point in the vicinity lying nearly three miles south of the entrance. " 
Again: **If there is the present slow fiow of ice in Main valley 
already spoken of, a fiow in both directions from the highest point 
of the ice, there must be a corresponding slow flow of the ice back 
into Granite cailon." That this remarkable diminution is quite 
recent is evident from the moraines which extend from Granite 

^American Geologist, April, 1893, pp. 276-8. 
f American Geologist, Oct., 1891, p. 216. 

{* 'Com pari son of Pleistocene and Present Ice-sheets," Ottawa meeting 
of G. S. A., Dec. 29, 1892. 

See also '*Mulr Glacier," S. P. Baldwin, Scientific American, April 9, 
1891, p. 227, and **RevIew of Prof. Reid's Studies of the Muir Glacier,'* 
fn American Geologist, Nov., 1892, p. 326. 

J American Geologist, Oct., 1891, pages 210-216. 
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-canon and Main valley to the ice-front, although the upper por- 
tions now move back toward their parent ledges. 

The most noticeable change was the recession of the ice-front 
three thousand feet during the four years from 1886 to 1890. 
The position of the ice-front depends mainly on the rate of motion 
•of the ice and on the rate at which the front melts back or breaks 
off. The aerial melting is evidently a small factor in the retreat 
of the water front, and conditions under water are subject to but 
very slight variations, as of temperature or tides. It follows, there- 
fore, that this recession can only be due to reduced rate of motion. 

In 1886 the ice-front was from 250 to 300 feet high above the 
water, and the general surface where the measurements were taken 
was a little over 400 feet above the water. In 1890 the hight of 
ice-front varied from 126 feet to 210 feet,* averaging 170 feet 
The difference is much gi*eater than at first appears, for this level 
of 170 feet was back at the point where Prof. Wright's furthest 
measurements were taken, that is, where the ice stood over four 
hundred feet above the water in 1886. Since the slope of the 
glacier from the front was nearly the same in both periods, we 
must conclude that the entire surface of the glacier was two hurir 
dred and thirty feet higher in 1886. 

The moving force of the glacier is that part which is above the 
sea level, for it is evident that the ice below sea level is restrained 
from originating any tendency to motion outward by the presence 
of the waters of the bay. This moving force, then, in 1886^ was 
two and one-third times as great as in 1890, or, if we drop one- 
third to allow for error, it wa>s at least twice a« great, while the 
mass to be moved, if we suppose the glacier to be about one 
thousand feet thick^ was only about ooe-fifth greater. Just what 
the effect may be of such a difference in vertical front, is diflScult 
to say, but it is certain that any cause affecting the entire surface 
of the glacier must have a much intensified effect, when its results 
are condensed into the small space allowed by the narrow opening 
into Muir Inlet 

B. On account of the general low condition and the position 
of the ice-front in 1890, the western branch seems to have added 
little, if any, pressure toward the outlet, while in 1886 it pushed 
directly toward and into the outlet 

C. The glacier in 1890 was discharged through an outlet fifteen 

♦See map by Prof. Reld, Nat. Geog. Mag., vol. iv., p. 55. 
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hundred feet wider than in 1886. It is evident that when a mass 
so great as that of the Muir glacier is forced through a very narrow 
outlet, the rate of motion through that opening must be very great, 
while any widening of the outlet will largely decrease the rate. 

D. The form of the ice front of 1886 seems to show that the 
glacier was in an actual state of advance during that season. When 
a glacier, which has both land and water front, remains in a state 
of equilibrium, or of retreat, the water front retreats more rapidly 
than the land front, and forms an embayment. A projection of the 
water front beyond the land wings indicates positive advance. 

Prof. Reid has set forth very clearly the conditions holding at 
the ends of tide-water glaciers. ♦ He shows that the waste by 
melting above the water surface is unimportant, but that the ice in 
contact with the water is melted more rapidly than that exposed Uy 
the air. Add to this waste the loss by breakage, and it is plain 
that the water front wastes more rapidly than a land front. In 
tide-water glaciers the breakage is the more rapid because of the 
tides, particularly in Glacier bay, where the usual tides are about 
fifteen feet and the spring tides as much as twent3-three feet The 
period of most numerous ice falls in 1886, was the time of spring 
tides. I think Prof. Keid observed the same phenomenon. 

This embayed form is illustrated in most glaciers of to-day 
which have water fronts, as the Greenland glaciers. The Tracy 
glacier of Bowdoin bay shows it very plainly, as pictured by Lieu- 
tenant Peary. The Marjelen lake encroached upon the Aletsch 
glacier while it stood at high level. 

But the moraines of the Glacial period show this more plainly, 
since we know that the ice was in retreat or equilibrium while they 
were formed. A great moraine which crosses New Hampshire and 
Vermont turns northward near Burlington and passes through Mil- 
ton, Vt , to Beekmantown and Altona, N. Y., showing an embay- 
ment of ten to fifteen miles. Mr. Upham writes me: <*As you 
inquire about the glacial lake Agassiz, whether its expanse of 
water washing the ice-front caused it to be indented by an embay- 
ment, as made known by the courses of the terminal moraines 
which come to (and in very low and changed form run across) the 
lake area, I have to reply. Yes, very definitely so, for the eighth, 
ninth, tenth and eleventh, or respectively the Fergus Falls, Leaf 
Hills, Itasca, and Mesabi moraines. The extent of the indenta- 

*Nat. Geog. Mag., vol. iv, pp. 47-49. 
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tion of the ice boundar}' was fifty to one hundred miles back from 
the lobed extensions of the ice-sheet on each side. '** 

The slowly changing land wings are only affected by long con- 
tinued causes, while the water front easily vacillates with any 
slight change of conditions. The Muir glacier affords a striking 
illustration. In 1886 the water front extended about fifteen hun- 
dred feet beyond the land wings, indicating advance. In 1890 it 
was in a very low condition and at least fifteen hundred feet back 
of the land wings, as beautifully shown in photograph taken by 
Prof. Reid.t In 1891 Miss Scidmore found the front still in em- 
bayed form, but it is a significant fact that the season of 1892, 
like 188G, was a season of real advance, as shown both by the 
form of water-front and by the fact that the ice had actually ad- 
vanced nearly to the position occupied in 1886. 

It should be noted that a small angle of ice, in the center, pro- 
jecting, even in the embayed form, beyond the rest of the water 
front, is no indication of the general condition of the glacier, but 
only of the more rapid motion in the center. 

E. While the width of outlet from the great amphitheater of 
the Muir glacier only slightly exceeds the width of many Alpine 
glaciers, the area of ice to be discharged through this outlet is 
much greater than the area of any Alpine glacier. 

The remarkable changes in the glacier are evidently due to this 
concentration of effects, and do not demand unusual changes of 
climate. What the difference of meteorological conditions may 
have been it is impossible to say, on account of the fragmentary 
character of the observations taken in Alaska, and their distance 
from Glacier bay. 

TUCUMCARI MOUNTAIN. 

By W. F. Cummins, Austin, Tex. 

Tucumcari mountain is situated in New Mexico on the south 
side of the Canadian river about fiftv miles west of the west line 
of Texas. It is one of a number of buttes in that vicinity, remnants 
of the old table land. 

In 1853, professor Marcou passed through that part of the 
country and afterwards published a map of the line traveled over 
through eastern New Mexico. 

*8ee also ''Glacial Lakes in Canada," Bulletin, G. S. A., vol. ii, p. 373. 
fNat. G^g. Mag., vol. iv, p. 47. 
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In 1891, I trayele<l the same route followed by professor Mar- 
«ou, and when I reached the locality found that the mountain 
marked Big Tucumcari on Marcou's map is now called Mount 
RevueltOy and his Little Tucumcari is called Big Tucumcari, and 
the name Little Tucumcari is now applied to the small mountain 
between his Big and Little Tucumcari. 

The question very naturally arose as to which butte was really 
•entitled to the name Big Tucumcari, the Cerro de Tucumcari of 
the first travelers. After looking into the matter as closely as my 
facilities admitted, I concluded that from some cause unknown to 
me, Marcou was in error, and so stated in my report and made my 
map to correspond with the facts as I underatood them. I did not 
know Prof. Maroon's reasons for applying the names as he had, 
and did not assign any reason why I thought a mistake had been 
made by him. 

In the American Geologist, Dec, 1892, in a review of my re- 
port, Prof. Marcou contends for the correctness of his designation, 
paying, <^ The map of Mr. Cummins in the Third Ann. Rep. Geol. 
Survey of Texas, is at variance with the three first maps published 
and according to the right of priority cannot be used for geograph- 
ical names of the Tucumcari mesa. " 

It is due to Ptof. Marcou and no less to myself for me to make 
a statement of the reasons why I believed him to be mistaken in 
the application of the names. 

A word in regard to priority as I understand it : Had Prof. 
Marcou and party been the first explorers through the country 
and had they found a number of buttes and designated an}' one 
of them by a certain name and given its position on a map so 
that it could be identified by later travelers, he then could have 
<;laimed priority. But if he went into a country where others had 
been before him and where a peculiar butte had previously been ob- 
serA'ed and named and where such a minute description of it had been 
given as to enable others who visited the same locality later to iden- 
tify it by the description, then the claim for priority would not be 
Available for any map he might publish that did not agree with 
the previous designation. It was upon the very ground of priority 
that I thought Prof. Marcou was wrong in his designation. 

Prof. Marcou can maintain his right to priority to the name 
'< Pyramid mount " for one of the buttes in that vicinity because 
he gave that name to a hitherto unnamed hill. But Prol Marcou 
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lays no claim to the name Tucumcari, but afiirms that he applied 
the name to a butte that had been so designated by others by that 
name and was well known at the time of this visit. His claim for 
priority has no force unless he can show that he followed what had 
already been done by others. 

That he did not follow what others had done before him I think 
can be shown, and that he did not so follow his predecessors was 
my reason for making my map different from his and suggesting 
the mistake. 

The first thing to consider then is, the amount of information 
in existence at the time of Prol Marcou's visit, and the precision' 
with which mount Tucumcari had been described. 

The first mention I have been able to find of Tucumcari is in 
'^Commerce of the Prairies," written by Josiah Gregg.* 

In that report it is said that he left Van Buren, Ark. , on the 
21st of April, 1839, with an expedition for Santa Fe, New Mex- 
ico. The party traveled up the north side of the Canadian river. 
When about sixty miles east of the narrows of the Canadian on 
the 20th of June, he left his wagons and with three Comancheros- 
(Mexican Comanche traders) as guides started ahead for Santa Fe, 
while the wagons were to follow more leisurel}'. They followed a 
cart trail up the north side of the Canadian to the narrows where 
the point of a very high plateau projected so abruptly against the 
river as to render a passage with Wagons very difficult if not im- 
possible. He says: <<Upon expressing my fears that our wagons 
would not be able to pass the Angustura in safety my comrades 
informed me that there was an excellent route of which no previ- 
ous mention had been made, passing near the Cerro de Tucumcari, 
a round mound visible to the southward. " 

Gregg sent one of the Mexicans back to the wagons with in- 
structions directing the party to take the route by TucumcaiF 
which they did and reached the Pecos river at Anton Chico. 

In 1840 a party known as the Santa Fe expedition, left Austin, 
Texas, bound for Santa Fe, New Mexico. 

The expedition divided into two parties at the head of Big 
Wichita river. One party was to travel ahead as rapidly as possi- 
ble while the other was to follow at a more leisurely gait. The 
first party traveled northwestward and struck the Canadian at the 
Arroya de Truxillo and followed up the river to the road fronb 

*Com. Prairies, Vol. il, p. 59. 
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Independence, Mo., to Santa Fe which led them to Anton Chico. 
Some Mexicans were sent back as guides to the other party which 
was led by the way of Tucumcari and along the road afterwards 
pursued by emigrants along the Canadian to New Mexico. (Pa- 
cific R. R. Reports, Vol. XI, p. 39, Supplement. ) 

In 1849 Lieut J. H. Simpson traveled through the country. 
Keeping along and over the bluffs bordering the south side of the 
Canadian river as far as Rocky Dell creek, they gradually diverg- 
ed southwest from the river to the Tucumcari hills. Continuing west 
thej' crossed the Gallinas some ten miles above the mouth and 
struck the Pecos river at Anton Chico. 

Of that part of the trip Lieut Simpson makes the following 
statement 

Page 13. — "The next object of interest to the traveler will be Cerro 
de Tucumcari, or Tucumcari hill, which he will begin to see a mile or 
two after crossing Emigrant creek. In relation to this hill I extract 
the following from my Journal: 

**Camp 55, June 16. — The route to-day has been interesting, on ac- 
count of its developing the accuracy of my calculations in regard to our 
geographical position. Soon after taking up the line of march, a small, 
faint, cloud-like appearance of small but growing extent, exhibited it- 
self, bearing magnetically nearly west. A few miles further on, this 
appearance gave way to a well defined, truncated cone. Proceeding 
still farther on, and in proportion as we progressed, a domelike appear- 
ance gradually unfolded itself, till at length, when we had almost reach- 
ed our present camp [page 14], an assemblage appeared which did not 
fail to strike many of us as being a most excellent representation of the 
dome of the Capitol at Washington. This object which we have gazed 
at nearly all day with the greatest interest, we take to be the Cerro de 
Tucumcari ; and if so it very satisfactorily accords with the geographi- 
cal position which my observations, in connection with the map of 
lieutenant Abert, give. There have been some among the emigrants 
who have been disposed to be skeptical as to the efficiency of the watch 
— as they call the chronometer — in determining our position ; but, as 
Capt.Marcy remarked to me this afternoon, *they must now begin to have 
more faith in its reliability.' The guide we have with us, though ac- 
quainted with the country on the north side of the Canadian (west of 
the Antelope hills) has known nothing of it on this side since we left 
the vicinity of Choutau's."* 

And again: 

"Camp 57, June 18. — This day has been one of Interest to us, for two 

*Report of Exploration and Survey of route from Fort Smith, Ar- 
kansas, to Santa Fe, New Mexico, made in 1849 by First Lieut. James 
H. Simpson, Corps of Topographic Engineers. (House of Representa- 
tives Ex. Doc. No. 45, 31st Cong., 1st Session.) 
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reasons. A number of Gomanches — the first we have met — have been 
into camp and we have been assured by them that the hill which we 
have been regarding for the past three days is indeed Cerro de Tucum- 
<iS,T\. My calculations then have proved correct; and when there has 
been so much to mislead — perpetrated doubtlessly unwittingly by those 
who have preceded us — in regard to the distance to Santa Fe, it is a 
gratification to find that the information I have given from time to time, 
in direct opposition to more flattering statements, has become corrobor- 
4fcted. 

**And again from my journal of the same day, in reference to my visit 
to the hill : 

'^Finding that oiir road to-day was shunning the hill which we are 
now assured is the Cerro de Tucumcari of Gregg, when seven miles from 
our last camp I started for it in company with an escort of three dra- 
goons, to approach and ascend it. Startling on our way some eleven or 
twelve deer and half a dozen hares, and passing over a poor soil covered 
with the Mexican soap plant, we reached it after a two hours or eight 
miles ride. Telling one of the dragoons to time his horse around the 
base, and giving the charge of the others to the other dragoon, I took 
the third with me up the hill. After a most laborious ascent, of which 
some fifty feet were nearly vertical, we reached at last its summit. On 
-every side was an unobstructed view. To the west and south lay a con- 
fused mass of irregular hills, with here and there a well defined conical 
one to characterize the scene. Far behind to the west lay a range of 
mountains or hills, and more conspicuous than the rest a high peak 
which I thought might possibly be a glimpse of the Rocky mountains. 
[It proved not, however, to be these mountains.] 

**To the south some eight miles distant, I could see with my recon- 
noitering glass the serrated tents of our little command, quietly repos- 
ing on a timbered affluent of the Canadian, to which they had resorted 
since I had left them. To the southeast and east lay the famous *Llano 
Estacado* of the Mexicans. To the northeast and north lay a limitless 
extent of broken undulating prairie, no signs of the Canadian being ap- 
parent. Pacing the top of the mound I found it to be 230 yards by 370 
in area; and by a measurement of the slope of the hill, and roughly re- 
ducing it to an angle of 45 degrees, I made its hight to be over 700. The 
oircumference of its base to our surprise I found to be nearly six miles, 
it having taken a horse two hours, less eight minutes, to walk around 
It. It was most refreshing to both the dragoon and myself in [page 15] 
our descent, when we were almost ready to die with thirst, to find a cou- 
ple of small springs whence we drank copiously.' " 

It will be seen very readily from these quotations that there was 
a well known route through the region at the time of Prof. Mar- 
•con's visit and one of the buttes was known as the Cerro de Tu- 
cumcari. 

The description of this butte is given by Lieut Simpson with 
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such minateness that there is no mistaking to which of them he 
gave the name Cerro de Tacumcaii, and that the description he 
gives cannot be applied to the Big Tacamcari of Marcou and can 
only be applied to the one designated by me as Big Tucumcari, 
for the following reasons : 

First — From the distance at which Tncumcari can be seen 
from the eastward along the route traveled by Lieat Simpson, be- 
ing the same route traveled by Marcou. Lieut. Simpson says of 
it: **a mile or two after crossing Emigrant creek. " I traveled 
along the same road and saw it from the top of the plains eight 
miles east of the Texas state line. 

The adjoining plate is an exact copy of Prof. Marcou's map up- 
on which is shown the line of travel. The dotted line shows the 
northern escarpment of the Llano Estacado, which rises to the 
hight of four or five hundred feet above the plain along which the 
line of travel is marked. The map shows the relative position of 
the hills under discussion. 

Now let the reader take this copy of Marcou's map and with a 
ruler draw a line touching the extreme northern limit of Marcou'a 
Big Tucumcariy and his Mont Revuelto, and he will see that a 
straight line protracted will not again touch the line of travel af* 
ter having crossed it at the base of Marcou's Bevuelto. From, 
anywhere east of the Revuelto along the line of travel, according 
to his map, his Big Tucumcari cannot be seen. Revuelto of Mar- 
cou is a point of the Staked Plains and is as high as his Big Tu- 
cumcari. Of Revuelto he says: < <It is the most prominent peak 
and the best landmark of the area and it is not easy to make a 
mistake with. " Being so prominent it of course hid from view 
from the east his Big Tucumcari. 

Second, — The form it presents when first seen in the distance. 
Gregg mentioned it as a round mound plainly visible from the 
north. Simpson mentioned it as a < < well defined, truncated cone, " 
and as they got nearer it resembled the dome of the capitol at 
Washington. 

That is exactly the appearance of the butte called Big Tucum- 
cari by me, but the other presents no such appearence when view- 
ed from any direction, and especially from the east as it cannot be 
seen very far in that direction. 

Third. —The hight of the summit. Lieut. Simpson estimates 
the hight of the hill above the base at 700 feet. By repeated 
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measurement with an aneroid barometer we found the hight of the 
summit to be 620 feet above the base and 4720 feet above the sea 
level; while Marcou's Mont Revuelto, the most prominent peak, 
is 4520 above the sea level, making the hill I call Big Tncumcari 
200 feet higher than all other peaks in that vicinity. This accounts 
for the fact that the one called Cerro de Tucumcari comes into 
sight before the others from different directions. 

Fourth, — The situation the two hills occupy as to the old road. 
Simpson put it on the north side of the road. In the quotation 
from his journal he says: <'To the south some eight miles distant^ 
I could see with my reconnoitering glass the serrated tents of our 
little command, quietly reposing on a timbered affluent of the 
Canadian." 

It will be seen b}' reference to the map that the Big Tucumcari 
of Marcou is on the south side of the old road, the road passing 
very near to its northern base. 

Fifth, — From the position Cerro de Tucumcari occupies with 
reference to the other hills in the vicinitv. 

The Cerro de Tucumcari of Lieut. Simpson is the most noith- 
em hill in the vicinity. He saj's: *'To the northeast and north 
lay a limitless extent of broken undulating prairie;" and again, 
<^To the west and south lay a confused mass of irregular hills." 

Sixth, — From the area of the base. The hill called Big Tu- 
cumcari by Marcou is irregular in outline, and the side on the 
north next to the road is nearly four miles in extent and is not 
less than ten miles in circumference. 

Lieut. Simpson says of Cerro de Tucumcari: »'The circumfer- 
ence of its base to our surprise I found to be nearly six miles, it 
having taken a horse two hours, less eight minutes, to walk 
around it. " 

Seventh. — From the size of the area of the summit. On the 
top of Prof. Marcou's Big Tucumcari there is not less than two 
square miles. 

Lieut. Simpson says of the one he called Cerro de Tucumcari : 
* 'Pacing the top of the mound I found it to be 230 yards by 370 
in area. '' We found it to be about the area given by Lieut. Simp- 
son. 

Eighth. — From the difference in position of Cerro de Tucum- 
cari of Simpson and Big Tucumcari of Prof. Marcou as to the 
Llano Estacado. The hill called Big Tucumcari by Prof. Marcou 
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is the one farthest south and is only a few miles from the escarp- 
ment of the Llano Estacado. Lieut Simpson says : < <To the 
southeast and east lay the famous 'Llano Estacado' of the Mexi- 
cans. " Had he been within a few miles of the Plains and they in 
full view on the south with no intervening hills he would certain- 
ly have mentioned them in that direction as well as to the south- 
east and east. 

It is evident to me for the reasons assigned that the Big Tu- 
cumcarl of Marcou is not the same as the Cerro de Tuciuncari of 
Simpson^^nd that the one now known as Big Tucumcari by the 
inhabitants of the country and so marked on my map is the one 
described by Lieut. Simpson. 

The name Revuelto,as applied to a hill in that vicinity, is not 
mentioned by any of the early travelers through the country prior 
to the visit of Prof. Marcou. The name is given by him to a point 
of the Staked Plains where the line of the escarpment turns almost 
at a right angle from a west to a south course. It is not an iso- 
lated peak as are the other buttes in the vicinity, and is only prom- 
inent on account of the turning of the line of escarpment so ab- 
ruptly to the south. The hill called Big Tucumcari by Marcou is 
now called Revuelto by the inhabitants of that country. 

The peculiar appearance of the Staked Plains at Monte Revuelto, 
described by Prof. Marcou* < <as having a second gigantic step or 
grade called by the Mexicans Monte Revuelto," is also espec- 
ially applicable to his Big Tucumcari. When it comes into sight 
at his camp No. 3 there is seen to be a second hill or step on the 
top of the other, sitting back some distance from the top of the 
first elevation. 



NOTE ON AN AUGITE SODA-GRANITE FROM 

.MINNESOTA-t 

By Ultbsbs Shsbman Grant, Minneapolis, Minn. 

The object of this communication is to call attention to an 
interesting type of granite from the Pre-Cambrian rocks of north- 
eastern Minnesota. It occurs on the shores of Kekequabic lake, 
which lies near the northern edge of Lake county and only a 
mile or two south of the International boundary. This granite 
has often been mentioned in the reports on this region, but it has 

*Geol. N. A., p. 55. 

fPublished by permission of the State Geologist of Minnesota. 
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never been carefully studied microscopically and chemically. It 
is found in two facies, a granitic and a porphyritic, which seem 
to be rather distinct from each other in their field relations and in 
hand specimens, but in reality they are very closely related, un- 
doubtedly forming parts of the same rock mass. The granitic 
facies occurs in a roughly oval area whose major axis (east and 
west) is about four miles, the minor axis being less than two. It 
has been described as a fine syenitic gneiss or granite* and as a 
pyroxene granite, t The porphj^ritic facies is confined to a number 
of small, isolated areas occurring irregularly in the clastic rocks. 

The minerals composing the granite are feldspar (mostly anor- 
thoclase), quartz and augite, with accessory hornblende, biotite, 
apatite and sphene. The structure of the rock is truly granitic, 
its description as a gneiss arising from the fact that it is some- 
times broken into roughly parallel layers, but there are no 
structural or mineralogical differences between the layers. The 
granitic facies is of a dull pinkish color and of medium grain; 
the feldspar often shows a decided tendency to a more or less 
complete idiomorphlc development. The prophyritic facies is 
of a gray color and has a very fine-grained — almost microgranitic 
— aground-mass composed of quartz and feldspar; in this ground- 
mass are imbedded numerous large and sharply outlined phen- 
ocrysts of feldspar and smaller ones of augite. The feldspar 
phenocrysts are sometimes arranged in roughly parallel lines, but 
this is never very pronounced. 

On chemical analysis the two facies are found to agree very 
closely. A noticeable fact brought out by these analyses is that 
in both cases the proportion of soda is very much larger than 
that of potash. Using the term < ^soda-granite" as a true granite 
in which the soda is in excess of the potash, this rock would 
belong to the series of soda-granites, which, while reported from 
several localities in Europe, have as yet been rarely found in 
America. Such a rock has been described by W. S. Bayley from 
Pigeon point, Minnesota, on the north shore of lake Superior, 
in connection with a quartz-keratophyre. t The analyses of both 

*N. H. Wiuchell, Geol. and Nat. Hist. Survey of Minn., 15th (1886) 
Ann. Rep., pp. 361-369; 16th (1887) Ann. Rep., pp. 100-108. A. Winchell, 
Ibid., 15th Ann. Rep., pp. 149-156. 

fU. S. Grant, Ibid.. 20th (1891) Ann. Rep., pp. 69-82. 

XK quartz-keratophyre from Pigeon Point and Irving's augite-syenites. 
Araer. Jour. Sci., (3) vol. 37, pp. 54-63, Jan., 1889. 
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facies of the rock under consideration and of three other soda- 



granites are as 


follows : 
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100.05 99.92 100.49 101.07 100.37* 

I is the granite from Kekequabic lake, Minnesota (No. 551 G 
of the Minnesota Survey series) ; II is the prophyritic facies of 
the same (No. 86G); III is a soda-granite from Donegal, Ireland;! 
IV is the Anghrim (Ireland) soda-granite ;t V is the rock from 
Pigeon Point, Minnesota, i In comparison with the last three 
analyses given above and other published analyses of soda- 
granites || the rock here described is seen to be lower in the 
amount of silica and usually higher in soda than other granites 
of this series. The large proportion of soda finds expression in 
the composition of the augite as well as in that of the feldspar, 
as will be seen in the analyses given below. 

The feldspars are mostly polysynthetically twinned and show 
the optical properties of plagioclase, but a considerable number 
in the granitic facies of the rock are untwinned and seem to be 
monoclinic in character. Zonal structure is quite common in the 
phenocrysts of the porphyritic facies. On separating a powder 
of a fresh specimen of the granitic facies (No. 551 G) by means 
of Thoulet's solution, the larger proportion of the feldspar fell 
between 2.58 and 2.62, which would indicate that it was a mix- 
ture of the orthoclase and albite molecules, and the analysis of 

'Including traces of Li, O and CI and 0.15 of Ba O. 

fS. Haughton, Q. J. G. S., v. 20, p. 269. 

JW. J. SoUas, Trans. Roy. Irish Acad., v. 29, pt. 14, p. 471. 

JAmer. Jour. Sci.,(3) v. 37, p. 59. 

I Cf. A. Gerhard, Neues Jahrbuch f. Min., Pet. u. Pal., 1887, II, pp. 
267-275. 
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this feldspar, as here given, shows that it belongs to the anor- 
thoclase series. It is to be noticed that the silica percentage 

SiO, AI2O, Fe,0, CaO MgO K,0 Na,0 H,0 Total 
67.99 19.27 0.82 0.75 0.02 3.05 6.23 0.90 99.03 

is larger than is required by the amount of soda, potash and lime 
present; this is probably due to the fact that a small amount of 

• 

quartz was so intimately intergrown with the feldspar that the 
two could not be completely separated. This feldspar is then an 
anorthoclase with approximately the composition Or^ -^^i^ -^°,- 
The specific gravity of several of the phenocrysts of the porphy- 
ritic fades of the rock was determined. It ranges from 2.59 to 
2.60, which, together with analysis of the whole rock (II above), 
is sufficient proof of its being anorthoclase. . 

The quartz is found tin comparatively small quantities, rarely 
amounting to more than one-quarter of the mass of the rock. 
It never occurs as phenocrysts in the porphyritic fades of the 
granite and in the granitic fades it was the last mineral to crys- 
tallize, occupying small areas between the feldspars, which are of 
larger sizes and frequently partially idiomorphic. 

The augite is the most interesting mineral in the rock, as true 
granites in which this mineral is the chief ferromagnesian con- 
stituent are comparatively rare. It makes up from five to twenty 
per cent, of the whole rock and in the majority of sections is the 
only ferromagnesian mineral present. A few small flakes of 
biotite are found in some sections, and original hornblende occurs 
less frequently. In the porphyritic fades and in the freshest 
specimens of the granitic fades the augite is seen in its best 
development. It occurs in short, stout prisms bounded by the 
unit prism, ortho-pinacoid and clino-pinacoid ; the terminal faces, 
with the exception of the basal plane, are not well developed, 
there being a tendency to the rounding off of the edges of the 
basal plane, but a clino-dome is sometimes noticeable. The 
color of the augite is green, although there are parts of some 
crystals which are colorless, and entirely colorless Individuals are 
rarely seen. A slight pleochroism is to be noticed in some sec- 
tions, a ftnd b being green and hardly distinguishable from each 
other, while c is a yellowish green. Zonal structure is rather 
common ; in such cases the center is colorless or of lighter color 
than the outer layers. The colorless centers sometimes pass 
gradually into the colored rims, but usually the two are separated 
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by a distinct line. The outlines of these colorless cores are ir- 
regular and are usually not crystallographic planes. The green 
crystals and rims have a k)wer index of refraction, lower double 
refraction and a smaller extinction angle than the colorless 
variet3\ In a section of a zonal crystal cut parallel to the clino- 
pinacoid the colorless interior has an extinction angle, measured 
against the cleavage, of 40 degrees in acute angle B, while the ex- 
tinction angle of the green outer rim is about 25 degrees. From 
this it seems that the green cr3^stals and rims contain more of the 
acmite molecule than the colorless ones. A very typical fresh 
specimen (No. 86 G) of the porphyritic granite was powdered and 
the augite separated and analyzed. This augite is fresh and un- 
altered and the powder, which fell at about a specific gravity of 3, 
is quite pure, as in this specimen of the rock the only minerals 
present were feldspar, quartz, augite and a few small fibers of sec- 
ondary hornblende. The analysis is as follows: 
SIO, AI,0, FejO, PeO CaO MgO K,0 NajO HjO Total 
53.19 2.38 9.25 5.15 17.81 9.43 0.38 2.63 0.01 100.23 

Assuming that this represents an isomorphous mixture of the 
diopside, heddenbergite, acmite and fassaite molecules, and calcu- 
lating their relative proportions, we get approximately the result 
given below. In the considerable percentage of the acmite mole- 
cule this approaches in composition the augite of the more alka- 
line rocks, the eleolite syenites. 



Diopside, Mg Ca SIjO^ 47 per cent. 

Heddenbergite, Ca Fe Si^Oe 27 *• 

Acmite, Na Fe SijO^ 21 

Fassaite, Mg Al, SlOg 5 ** 

The augite is often seen altering to fine green hornblende nee- 
dles, and sometimes the needles have been developed all through 
the rock mass. An attempt has been made to measure the angles 
occurring on some of the larger crystals of augite detached from 
the rock, but the faces gave such imperfect reflections that no re- 
liable results could be obtained. 

The original accessory minerals occur only in small amounts. 
Secondary hornblende is common and abundant in all the altered 
specimens of the granite, while original hornblende has been no- 
ticed in but three sections, and here it, together with the biotite, 
is as abundant as the augite. Biotite, aside from the case just 
mentioned, is sometimes seen in small flakes in the porphyritic 
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facies of the rock. Apatite occurs sparsely in short, stout prisms, 
and sphene is uncommon. 

The writer expects to present soon an account of the geology of 
the region about Kekequabic lake, in which this interesting gran- 
ite will be treated more in detail. There is reason to think that 
soda-granites will be found more extensively developed in the lake 
Superior region than has heretofore been supposed. It seems 
that some of the augite syenites of the Keweenawan, as already 
suggested,* may fall into this class, and there 4re numerous dykes 
in the Keewatin of northeastern Minnesota, described as quartz- 
porphyries and syenite porphyries, t a careful study of which will 
probably show that their feldspar is largely anorthoclase. 

Thanks are due to Prof. G. H. Williams for kind suggestions 
and aid in the study of this granite; and to Prof. J. A. Dodge and 
C. F. Sidener of the University of Minnesota by whom the analy- 
ses were made. 

Petrographical Laboratory^ Johnt Hopkins University, 
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DRIFT MOUNDS NEAR OLYM PI A, WASHINGTON. 

By G. O. RooBRS, Dorchester, Mass. 

Nature's architecture is always interesting, often beautiful; but 
frequently the history of a structure presents many perplexing 
difficulties to solve. Toward the western coast of Washington, a 
few miles south of Oly mpia, are found an immense number of pe- 
culiar tumuli, from three to five feet high, thirty feet more or less 
in diameter, regular in size, having the form of a broad-based cone, 
composed of a heterogeneous mass of sand and gravel, enclosing 
plentiful water-worn pebbles and cobbles, such as usually appear 
in modified glacial drift. These mounds cover a large area, em- 
bracing hundreds of acres, for the most part open prairie, with a 
very slight westerly dip. The forests, however, have encroached 
to ^uch an extent that large numbers of the mounds are found 
within the timber. They can be numbered by thousands, and are 
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so plentifully distributed that in the open prairie thej present the 
appearance of a vast field of hay-cocks. They are without order. 
The bases of many lie nearly contiguous, while others are many 
3'ards apart. The nearly level earth between the tumuli is more 
or less strewn with pebbles and cobblestones, similar in character 
to those of the mounds. These heaps at once attract the attention 
of ordinary observers as they pass through them on the railway 
train to and from Olympia. To the trained student of Nature 
they inspire a subtle and profound interest, but the attempt to 
solve the problem of their history involves many difficulties. For 
the last twenty years they have been studied with more or less 
care. Several theories have been presented, which require men- 
tion here. 

The speculative hypothesis that the tumuli were built by fish 
while the land was submerged in comparatively still water seems 
improbable from their physical structure. Fish,forming heaps for 
breeding purposes, would not pack together sand, gravel and cob- 
bles, as in these large mounds. It has been supposed by some 
that the Indians constructed them for burial places, or to clear the 
land. If for burial places, there should be found remains of some 
character to indicate the fact. If to clear the land for agricultural 
purposes, wh}' heap the earth with the cobbles? Again, why take 
so much trouble, involving a vast amount of labor (which is not 
accordant with the Indian character), to clear the stony land, 
while millions of acres lie on every side already quite clear? 
Others have suggested < *that they were raised as foundations for 
huts on a wet soil. '' The character of the soil of the mounds, 
and of the surrounding region, precludes this theory. It would 
seem that no careful observer can entertain either of the above 
views. 

The remaining theory, and the only one which commands seri- 
ous thought, is that of Prof. Joseph Le Conte,* of California, 
whose opinions should always be approached and viewed with the 
highest respect He says, referring to the prairie tracts, often 
called ^'everglades," on which the tumuli are situated: 

^Proceedings of the California Academy of Sciences, Dec. 15, 1873; 
Am. Joar. Sci., Ill, vol.vii, pp. 365-7, April, 1874. See also descriptions 
and discussions of the origin of these and similar natural mounds, by 
A. B. Wallace, G. H. Kinahan, J. Le Ck)nte, W. M. Williams, J. Dur- 
ham, and W. M. Gabb, in Nature, 1877, vol. xv, pp. 274, 879, 431, 530; 
vol. xvi, pp. 6, 7, 24, 183. 
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These are doubtless old bottoms of Puget sound, made dry by eleva- 
tion. They are covered with drift soil. These grassy prairies are cov- 
ered as thickly as possible with mounds, about three to four feet high, 
and thirty to forty feet in diameter. There are probably millions of them. 
The general appearance is that of almost perfect regularity of size and 
shape. The soil of the mounds is rather fine drift, with pebbles not 
larger than a pigeon^s egg. The intervals between the mounds are 
strewed with larger pebbles. The mounds are occupied by ferns, the 
Intervals only by grass. These treeless spaces are called *mound prai- 
ries'. . Erosion removes the finer top soil, leaving it, however, in 

spots. The process once commenced, weeds, shrubs, and ferns take pos- 
session of these spots as the better soil, or sometimes as the drier soil, 
and hold them, and by their roots retard the erosion there. In some 
cases a departing vegetation— a vegetation gradually destroyed by an 
increasing dryness of climate — is an important condition. 

Professor Le Conte argues that the agency of erosion must ac- 
count for these mounds. He starts with the idea that these tracts 
* 'are doubtless old bottoms of Puget sound, made dry by eleva- 
tion. " Did subsequent erosion take place? If so, it would ap- 
pear that the newly elevated plain was comparatively smooth, a 
surface stratum of the same material as the present tumuli being 
quite evenW distributed over the entire area. Then '^erosion" be- 
gan, etc. , as above quoted. At this juncture, I pause to point out 
what seems a grave error in at least one of Prof. Le Conte's affir- 
mations. It would seem that he could not have personall}* exam- 
ined these tumuli, or at least with care. He savs: <'The soil of 
the mounds is a rather fine drift, with pebbles not larger than a 
pigeon's egg. The inteinrals between the mounds are strewed with 
larger pebbles. " Instead, the tumuli contain as large pebbles and 
cobblestones as those strewed between them. They range from 
the size of a pigeon's egg to three, five, or more inches in diameter. 
I think it is quite true, however, that the soil at and neai* the top 
of the mounds may be slightly finer, also that the pebbles may 
average a little smaller than those below. In fact one receives 
the impression that there is a gradation, not altogether uniform 
however, from finer material above to coarser below, throughout 
the mass. It is quite safe to affirm that more than half the bulk 
of these mounds is composed of coarse gravel enclosing lai^e peb- 
bles and cobbles, the major part of which are quite the same as 
between the mounds. Hence it is reasonable to suppose that if 
this area was elevated as a smooth plain, its surface was material 
like that of the mounds, evenly distributed. If then the finer mat- 
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ter was removed by erosion, as suggested, the intervals between 
the mounds would not be strewed with gravel stones so thinly dis- 
tributed as to leave fairly good grazing for stock, but must have 
been abundantly covered with pebbles and cobbles. Again, it 
would seem irrational to suppose that any conceivable wind cur- 
rent could sculpture these mounds by erosion. There remains no 
other eroding agent but running water flowing in some general di- 
rection. Hence these mounds must have been elongated with their 
major axes parallel with the flow. Currents of water of sufficient 
force to sweep not only the finer matter but a mass of coarse gravel 
one to two feet deep from between the tumuli, yet leaving the 
mounds standing as they now appear, also seem quite inconceiva- 
ble. Manifestly the facts that exist must exclude this hypothesis 
as well as those before noticed. 

In offering the following explanation of the origin of these 
mounds, I would hesitate to say that there can be no other way to 
account for the phenomena, but must admit that I can see no other 
which will explain all the facts. At the least, it is earnestly hoped 
to enlist sufficient interest, if possible, to lead to a satisfactory so- 
lution of this question. 

There appears to be sufficient evidence to warrant a belief, that 
during the Glacial period tbis region was ploughed over by moving 
ice. It lies within the southern edge of the drift-bearing area, as 
mapped by Chamberlin. The general appearance, however, would 
not warrant one to affirm that this locality was covered by an ice- 
sheet moving in the* same general direction as that east of the 
Eocky mountains, but rather of a local character, similar to those 
now existing in Alaska, which start from the crests of the mountains 
and flow in all directions into the valleys and onto the plains be- 
low, carrying forward and distributing the glacial drift as worn 
boulders, cobbles, sand, and gravel. During and after the retire- 
ment of the glacier, the drift was greatl}' modified by floods of 
water, the result of the wasting ice and frequent rains. East of the 
tumuli plain, the land, much of which is now under farm cultivation, 
graduall}^ rises toward the remote mountains. Wells are sunk in 
this land from which to obtain water for domestic purposes. At 
the surface the soil is from one to three or more feet deep and 
overlies a coarse cobble drift, which is composed of material alike 
in character with that of the mounds. The wells pass through 
from six to ten feet, of this cobble drift to a substratum of finer 
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gravel into which the wells extend from two to four feet, where 
permanent water is secured. 

Imagine this large tamuli plain to be covered with a sheet of ice 
reduced to a moderate thickness by ablation on the border of the 
retiring active glacier, and having, like the forest-covered border of 
the Malaspina ice-sheet in Alaska, no motion except the gradual 
waste by liquefaction. However, the forces which modify the 
drift are yet active, so that boulders, cobblestones, gravel, and 
sand are being brought forward from the higher levels by periodic 
floods, the product of accelerated melting of the glacier during a 
prolonged increased temperature. From time to time, during the 
especially rapid melting in the summers, the greater floods would 
overflow the entire ice-plain, carrying along with them the smaller 
boulders, cobbles, gravel, sand, and clay or finest silt of the drift, 
which would be spread on the ice surface. It is a well observed 
fact that coarse gravel carried onto a plain by a strong flow of 
water has a tendency to accumulate in masses or heaps. A slight 
depression in the surface, or some obstruction, may arrest the on- 
ward movement of a boulder or large cobblestone, while the finer 
material would more or less pass on. This boulder might stop 
another, and so on, the general result being a somewhat unequal 
distribution of the drift over the surface of the ice. The flood as 
its force decreased would manifestly leave the whole surface more 
or less covered with the drift debris. As the sun sends its rays 
onto the drift thus distributed with its substratum of ice, three 
agencies modifying the drift claim our consideration, namely, heat, 
gravitation, and the accumulation of water in the depressions. 
The thicker masses of debris would collect more of the heat of the 
sun and this would cause a faster melting of the ice or in other 
words would make a depression at such points, into which gravita- 
tion would carry additional drift by sliding from the adjacent ice 
surface and by the washing action of rains and streamlets. 

After formulating this hj^pothesis in regard to the tumuli of the 
<< mound prairies,'' I was ver}*^ much gratified in finding the fol- 
lowing statements which add greatly to the strength of my argu- 
ment. 

Prof . I. C .Russell, in his work on the glaciers of Alaska,* 
gives on page 120 the following description of lakelets on the 

*''An Expedition to Mount St. Elias, Alaska," National Geographic 
Magazine, vol. iii, pp. 53-203, with nineteen plates, May 29, 1801. 
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Malaspina glacier or ice-sheet, occupying deep well-like depressions 
or pits constricted half way down, somewhat in the shape of an 
hour-glass, into which the drift exposed by ablation on the con- 
tiguous ice surface falls, so that it would be left as a mound if the 
ice were melted away. 

On the moraine-covered portion, especially where plants have 
taken root, there are hundreds, perhaps thousands, of lakelets, occupy- 
ing kettle-shaped depressions If we should go down to the 

glacier and examine such a lakelet near at hand, we should find that the 
cliffs of ice surrounding them are usually un symmetrical, being espe- 
cially steep and rugged on one side and low or perhaps wanting entirely 
on the other. But there Is no regularity in this respect; the steep 
slopes may face In any direction. On bright days the encircling walls 
are always dripping with water produced by the melting of the ice; lit- 
tle rills are constantly flowing down their sides and plunging in minia- 
ture cataracts into the lake below; the stones at the top of the ice cliffs, 
belonging to the general sheet of debris covering the glacier, are con- 
tinually being undermined and precipitated into the water. A curious 
fact in reference to the walls of the lakelets is that the melting of the 
ice below the surface is more rapid than above, where it is exposed to 
the direct rays of the sun. As a result the depressions have the form of 
an hour-glass. 

Speaking of the Oaliano glacier, on page 89, Russell says: 

My surprise therefore was great when, after forcing my way through 
the dense thickets, I reached the top of the hill, and found a large ket- 
tle-shaped depression, the sides of which were solid walls of ice fifty feet 
high. This showed at once that the supposed hill was really the extrem- 
ity of a glacier, long dead and deeply buried beneath forest-covered d6- 
brfs. In the bottom of the kettle-like depression lay a pond of muddy 
water, and, as the ice-cliffs about the lakelet melted in the warm sun- 
light, miniature avalanches of ice and stones, mingled with sticks and 
bushes that had been undermined, frequently rattled down its sides and 
splashed into the water below. Further examination revealed the fact 
that scores of such kettles are scattered over the surface of the buried 
glacier. 

Again, on page 111, he says of the Hayden glacier: 

The debris is scattered over the surface in a belt several rods wide; 
but it is not deep, as the ice can almost everywhere be seen between the 
stones. Where the fragments of rock are most widely separated, there 
are fine illustrations of the manner in which small, dark stones absorb 
the heat of the sun and melt the ice beneath more rapidly than the sur- 
rounding surface, sinking into the ice so as to form little wells, several 
inches deep, filled with clear water. Larger stones, which are not 
warmed through during a day's sunshine, protect the ice beneath while 
the adjacent surface is melted, and consequently become elevated on 
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pillars or pedestals of ice. The stones thus elevated are frequently 
large, and form tables which are nearly always inclined southward. In 
other instances the ice over large areas, especially along the center of 
the medial moraine, was covered with cones of fine, angular fragments 
from a few inches to three or four feet in hight. These were not really 
piles of gravel, as they seemed,but consisted of cones of ice, sheeted over 
with thin layers of small stones. The secret of their formation, long 
since discovered on the glaciers of Switzerland, is that the gravel is first 
concentrated in a hole in the ice and, as the general surface melts away, 
acts like a large stone and protects the ice beneath. It is raised on a 
pedestal, but the gravel at the borders continually rolls down the sides 
and a conical form is the result. 

Allowing conditions like these of the Malaspina, Galiano, and 
Hajden glaciers to have existed on the melting ice-sheet of the 
tumuli plain in Washington, we are prepared to look over its area 
and observe thousands of kettle-shaped hollows, pits, and wells in 
the ice, containing water and becoming filled with drift gravel and 
sand. A winter comes and while the temperature is below the 
freezing point the water in the holes is congealed, hence all fur- 
ther action ceases until the spring time brings a higher tempera- 
ture. Then these numberless holes are ready to receive the on- 
coming flood and the fugitive drift matter supplied by the melting 
and receding glacier. It is quite obvious that as the drift debris 
was swept over the ice field, these wells would be more or less 
filled with clayey silt, sand, and fine and coarse gravel, correspond- 
ing to the force of the water current. Perhaps this phenomenon 
was repeated for several or many years. At last the parent glacier 
has become so wasted and remote that no more floods occur, and 
at the same time by gradual melting the ice-sheet has quite disap- 
peared, leaving these accumulations of drift matter intact By 
such processes this large area would be left covered with tumuli 
substantially as they exist to-day. It would matter little whether 
the walls of the circular pits or wells in the ice were vertical or in- 
clined at various angles or shaped like an hour-glass, as Russell 
observed on the Malaspina glacier or ice-sheet The enclosed 
masses of stratified drift, when their supporting ice walls were 
melted away, would naturally assume no other form than the one 
in which they now are found, as broad-based, cone-shaped mounds. 
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THE GENERIC EVOLUTION OF THE PALEOZOIC 

BRACK lOPODA. 

By AoNBs Crane, Brighton, Eofrland. 

It is a time-honored saying that **a prophet is not without honor save 
in his own country," but the name and fame of professor James Hall, 
LL.D., director of the State museum of Natural History of New York 
and its veteran state geologist, are well known in Canada and the United 
States and have long been recognized and appreciated among the geolo- 
gists and invertebrate paleontologists of Europe. The highest recogni- 
tion in geological circles was accorded him nearly a quarter of a century 
ago, when he was awarded the Wollaston Medal of the Greological So- 
ciety of London, the year after Barrande, and a year before Charles 
Darwin received it. His arduous life-long researches have resulted in 
the production of the fine series of monographs of "The Paleontology 
of New York," of which Vol. VIII, Part I, Brachiopoda,* by James 
Hall, assisted by John M. Clarke,has recently made its appearance, with 
an unusually interesting text and the well-executed plates for which the 
series has been remarkable. As a fossil brachiopodist professor Hall 
ranks with his eminent contemporaries, the late Dr. Thomas Davidson, 
F.R.S., and Joachim Barrande of Prague. In one respect he may be 
said to take higher position as a philosophical investigator, inasmuch 
that he kept free from prejudice with regard to the theory of evolution 
as applied to the class Brachiopoda at a time when, owing to the condi- 
tion of our knowledge of the group, it was not possible to adduce actual 
proofs of the logical postulate in that direction. 

Times and methods have changed indeed since the celebrated Bohe- 
mian paleontologist definitely proclaimed that the evidence of the 
Cephalopodaf and of the Brachiopoda^ was opposed to the truth of the 
theory of evolution, and Dr. Davidson, in answer to a personal appeal 
from Darwin, replied that he was unable todetect direct evidence of the 
passage of one genus into another.} 

There has been a marked advance in the philosophical treatment of 
this important group of ancient and persistent organisms during the 
last decade, and to this progress American scientists have contributed 
largely. Mr. W. H. Dall has differentiated and described some new 
genera and species of the recent forms of interest and value. Professors 

♦Natural History of New York. Paleontology, vol. viii. (Geological 
Survey of the State of New York.) "An Introduction to the Study of the 
Genera of Paleozoic Brachiopoda." Part I. By James Hall, state 
geologist and paleontologist, assisted by John M. Clarke. Albany, 1892. 

fCephalopodes, Etudes G^n<^rales par Joachim Barrande, Prague, 1877, 
p. 224. 
tBrachiopodes, Etudes Locales, Ibid., 1879, p. 206. 

2**What is a Brachiopod?" by Thomas Davidson, P. R. S., Geological 
Magazine, Decade II., vol. iv, 1877. 
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Morse, Brooks, and Beyer, and of late Dr. Beecher and Mr. Clarke, have 
revealed suggestive phases in the developmental history of typical gen> 
era and well-known species. Now professor James Hall and Mr. J. M. 
Clarke have sifted and compared the vast accumulations of data recorded 
by earlier writers by the older methods of descriptive paleontology, 
and, combining the results' thus gained with the best features of the 
new school of Investigators, have effected a revolution In the general 
treatment of the entire class of Brachiopoda. They trace Important 
stages in the phylogeny of the fossil forms and various links connecting 
them through their immediate successors with the surviving members 
of the group. 

Much of this work could not possibly have been accomplished had It 
not been for the mass of descriptions and figures of the vast number of 
species recorded in the work of Barrande, Davidson, De Eonlnck, 
D'Orbigny, Def ranee, Deslongchamps, Suess, Llndstrom, Pander, Quen- 
stedt, Geinitz, Littell, Oppel, Oehlert,Waagen,and Neumayr, In Europe, 
and Billings, Hal1,Clarke,Meek,Shumard,Worthen,Walcott, White, Whit- 
field, and others on the continent of America.. 

The warm and discriminating recognition of the valued labors of his 
European fellow-workers is one of the most agreeable features of pro- 
fessor Hairs new volume. It is pleasant to read "of the greatest of all 
works on the Brachiopoda by Thomas Davidson,'' of the Just apprecia- 
tion of Barrande's herculean efforts in the Silurian field, of the excel- 
lence of William King's anatomical Investigations, to find Pander's early 
work valued and his names restored. These are just and generous tri- 
butes to the memory of comrades who have gone before, most welcome 
in these latter days of that strident ''individualism" which is often mere 
egotism in disguise. 

The New York paleontologist's recent work is not only a critical 
rdswnU with descriptions and figures of the Brachiopoda of New York, 
but a careful analysis of the results of the labors of his predecessors and 
contemporaries In the same extended paleozoic field of research In the 
United States, Canada, Russia, Sweden, and Great Britain. This gives 
It a cosmopolitan value, and affords opportunity, by means of critical 
comparisons of genera, species,and varieties from the geological horizons 
of both hemispheres, to recognize the identity of species, to define syno- 
nyms, to collate genera and sub-genera, to indicate their inter-relation- 
ships, and to Illustrate the passage-forms linking one group, or assem- 
blage of allied genera, to another. To this branch of the subject we 
must now restrict our observations. 

With singular modesty the authors refrain, for the present, from pro- 
posing any new scheme of classification. The primary division of the 
class into two orders comprising the non-articulated and articulated 
genera is adopted. We fall to see why Owen's names of Lyopomata, or 
"loose valves," and Arthropomata^ or "jointed valves," should have been 
discarded, for they define the same limits and distinctions as Huxley's 
simpler, but later, names, Articulata and iTiartlculaUi, the first of which 
was employed by Deshayes to designate certain forms of Brachiopoda 
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before the publication of Huxley's ''Introduction to the Classlflcatlon of 
Animals." In England it Is generally conceded that the priority and 
scope of Owen's orders were clearly established by the American syste- 
matlst, Dr. Theodore Gill. The matter, however, is of less moment 
now that a general tendency to admit greater ordinal subdivision has 
arisen. Waagen has proposed six orders, Neumayr eight, and Beecher 
four, based on the peduncular opening and associated characters. 

The names IruirticuUXUjb and ulfticulota express certain general dis- 
tinctions. Nevertheless, It is a matter of fact that fonhs have often 
appeared which cannot be separated thus, for tendencies to transgress 
these artificial limits become apparent in various directions. For In- 
stance, the species of the Silurian genus TrimereUa was shown by David- 
son and King to be but feebly articulated, and now Neobolust £fpon- 
dylobolusy and Hall's new llnguloid genus BarroUeUa^ are shown to 
exhibit the same propensity. We are glad to note that, although fifteen 
years have elapsed since the publication of the Memoir on the THmerelr 
Ud<B,hj Thomas Davidson and William King,* it is frankly admitted 
that later observations have hitherto added comparatively little to the 
results achieved by those eminent investigators and have taken away 
nothing from their value. 

In the present publication the semi-artificial, but convenient, family 
designations are not adopted, but the genera discussed fall into groups 
of associated genera, often exhibiting intermediate characters, which 
link one genus naturally with another. More has been accomplished 
in this direction than could possibly have been anticipated, and the 
eighth volume of the Geological Survey of the State of New York 
(Paleontology) would have made glad the heart of Darwin, for its dom- 
inent note is the evolution of genera. 

Hitherto LingiUa has always been regarded as taxonomically at the 
base of the Brachiopoda, in spite of the acknowledged complexity of its 
muscular system and the date of its appearance in the geological series. 
It is now shown conclusively to be developed from an obolelloid type 
which culminated In a faunal epoch anterior to the appearance of Lin^ 
gvltty and Brooks' history of the development of the living species is 
cited as confirmatory proof of the direct obolelloid derivation of the 
paleozoic Linguke from Obolella. LiriffulelUi and Zfinfiruie2H8,forerunners 
of LinguUiy may be found to be important connecting links, having the 
outward form of Hnguloids with the muscular arrangements and narrow 
pedicle slit of the obolelloids. ''The development on the llnguloid line 
has continued, as we believe, from early Silurian to the present time 
with frequent modifications. From Lingvla we may depart In many 
directions. In Lingulops and Lingulasma we get indications of physio- 
logical influences on the origin of genera." 

It appears that "augmented muscular energy and concomitant in- 
creased secretion of muscular fulcra," with the large size and consequent 
displacement of the liver, induced the thickening of the entire area of 

^Quarterly Journal of the Geological Society of London, vol. xxx, p. 
124, 1874. 
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muBcular Implantation. Gradnal excavation of this solid plate enaned*, 
and the formation of a more or less vaulted platform, extremely devel- 
oped, in the feebly articulated trimerellids of those Silurian seas, which, 
favored the rapid development of the platform-bearing Brachlopoda* 
a race which was abruptly estermlnated at the close of the Niagara and 
Wenlock period. Hall's new genos BaaroiaeUa is a divergent so marked, 
by the development of deltidial callosities as to indicate their approxi- 
mating specialization for articulating and interlocking purposes. Thus 
we get most striking evidence of a tendency to span the interval between 
the so-called edentulous Inarticulata and the articulated genera in the 
Linguloid and Trimerelloid groups. 

The genus Obolus is shown to be more specialized than OboleUa, less 
so than LingulOt Neobolus being an intermediate form with cardinal 
processes, also indicative of progress in this direction towards the. 
ArtfcUlata. In OboluSy however, the muscular scars are excavated as 
in LingtUa, not elevated as in the forms tending to TrimereUa. Thus 
we get indications in the history of the ancestral Trimerellids of the 
attainment of a like remarkable resultant along distinct lines of devel- 
opment, of which another instance has been furnished by Messrs, 
Fischer and Oehlert's recent studies of the development of the living 
Magellance of the boreal and austral oceans, to which we had elsewhere 
occasion to refer.* As Hall and Clarke's generalizations are formulated 
with a due regard to geological sequence, they possess more validity 
than the phylogenetic deductions enunciated by a Teutonic paleontol- 
ogist, in which that important factor was somewhat neglected. f **We 
have yet to seek," the American brachlopodists conclude, "the source 
whence these numerous closely allied primordial groups are derived, in 
some earlier comprehensive stock of which we have yet no knowledge. 
The ages preceding the Silurian afforded abundant time for a tendency 
to variability to express itself (p. 168). 

From this satisfactory discussion of the origin and development of 
the paleozoic unarticulated genera and species, Hall and Clarke proceed 
to consider the structure and relations of the far more numerous and 
more complicated order of the articulated species, and commence with 
the Orthoids, the lowest forms of the Articulata, as, by common con- 
sent, they are now regarded. The allied strophomenoids, streptorhyn- 
choids, and leptaenoids, as defined by Dalman, are then treated of and 
the first part terminates with a discussion of some Carboniferous pro- 
ductoids. The spire-bearers, rhynchonelloids and terebratulolds, of the 
Paleozoic seas are thus left for the concluding volume, when we may 
look for a valuable general summary of results and for that systematic 
classification, based on their completed investigations, which the authors 
are bound to propose in the interests of students for the root, stem, 
branches, and twigs of the genealogical tree of the Brachlopoda, as 
they have definitely abandoned the family names hitherto in vogue. It 

*0n the Distribution and Generic Evolution of some recent Brach- 
lopoda, by Agnes Crane, Natural Science, January, 1893. 

fNeumayr, *'Die Stamme des Thierrelchs Brachlopoda," 1890. 
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must certainly be admitted that brachlopodists have often found it dif- 
ficult, and sometimes impossible, to determine to which of two well 
characterized families certain annectent forms should be definitely 
referred. 

In Europe, however, the retention of family designations is not al- 
ways considered incompatible with the modern philosophical and evolu- 
tional methods of class treatment. They have been preserved with ad- 
Vantage; for instance, in Mr. A. Smith Woodward's* masterly systema- 
tic classification of the fossil fishes in the British Museum, and also in 
professor W. A. Herdman'sf exhaustive report on the Tunicata dredged 
by the * 'Challenger** expedition, associated In this case with evolutional 
data and the presentation of numerous phylums showing the inter-rela- 
tions of genera, somewhat after the same plan as that adopted in the 
'^Introduction to the Study of the Paleozoic Genera of Brachiopoda." 
With all due respect to the veteran of the old school and the disciple of 
the new, we venture to submit the impossibility of impressing on the 
mental retina a permanent photograph of the Innumerable and fascinat- 
ing phylums which they have provided with such industrious research. 
But we are not all endowed with so much Insight, knowledge, and ex- 
perience. 

The most revolutionary feature in the present installment of their re- 
searches on the ArticulaJUi is the extreme subdivision to which the great 
group of Ortholds has been subjected. The genus OrthiM is absolutely 
restricted to eight species (instead of two hundred), with 0. caUouitls of 
Dalman as the type, and his early figures and original descriptions are 
Judiciously reproduced for the benefit of American students. The re- 
mainder of the large number of species are placed under various new 
genera /kud sub-genera, or restored to their former appellations. For in- 
stance, Pander*s name, ClUarribonites^ is once more applied to species un- 
justly usurped by D*Orbigny's Orthisina, and PlectarnbonUes of the same 
Russian paleontologist is restored for the Paleozoic species grouped by 
the French conchologists and those who followed them under the genus 
LepUsnaot authors, not of Dalman. The Xepfarmiru^«a of this author is 
taken as the type of his genus, the scope of which is thus much restricted, 
and new generic names are proposed for several of the species indiffer- 
ently described as Strophomenas or Leptceruis by various authors. 
Linn^*s sub-genus BUobUes is revived for those abnormal bllobed species 
of OrthU, which, according to Dr. Beecher*s Investigations, originated 
from a normal form at the adolescent and mature stages of growth In 
both direct and indirect lines of development. In view of the extensive 
breaking up of the ortholds, here proposed. Into several genera and sub- 
genera, we are willing to confess that to object to the revival of BUo- 
bUes would be but straining at a gnat and swallowing the camel. We, 
however, admit a preference for those among the proposed new or re- 

*A Catalogue of the Fossil Fishes in the British Museum, Part I., 1889; 
Part II., 1890. 

fBe ports of the * 'Challenger** Expedition: Tunicata, vols, vi, xlv, and 
xxvl. 
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stored designations which give some indications of the former position 
-of the species among genera. Such are Protorthis^ PlecU)rthi8, Heteror- 
iM8t Orthostrophia^ Platyatrophia, and so on. Orthidiutn for the generic 
<iivergent nearest allied to Strophomena seems a less happy selection. 
Tabular views, both Instructive and suggestive, are given to show the 
approximate range in the geological horizons from the Calclferous shales 
of the Lower Silurian to the Upper Coal Measures which Indicate the 
appearance, persistence, and extinction of the various genera into which, 
under new, old, or restored appellations, the orthoids, strophomenolds, 
and leptSQnoIds are subdivided — a subdivision which, with Its asso- 
ciated shifting of types, will not escape criticism. 

There will always be differences of opinion respecting generic values. 
Here, as Heckel long ago pointed out, the personal equation becomes 
-prominent. We believe professor Cope was the first to advance the then 
heterodox view that species could be transferred from one genus to 
another without affecting their specific characters. Many so termed 
genera represent what have now become abbreviated transitional phases 
In the development of the race which, of old time, became stereotyped 
for periods of longer or shorter geological duration. The researches of 
Friele and Oehlert on the recent MagellansB (Waldheimia) ^the ultimate 
phase of development of the long-looped branch of the Terebratuloids, 
illustrate this point most clearly. If the Inter-relatlonshlps and pas- 
sages of these generic phases are carefully noted, they become so many 
illustrations of one method of the evolution of genera, which sometimes, 
It is evident, originated from causes incidental to individual devel- 
opment, accelerated growth, and the circumstances of the environ- 
ment. 

Professor Hall evidently considers it better to deal with a small num- 
ber of well-characterized species instead of a large number of ill-defined 
forms, and that such minor structural internal modifications as can be 
shown to be constant in a recognized geological horizon should be raised 
to generic or sub-generic rank. The description and portrayal of such 
generic divergences afford the best means for general comparison and 
thus tend to promote a clearer comprehension of the manifold phases of 
the evolution of genera. The fact that specific characters sometimes 
make their appearance In individual development before generic fea- 
tures is most suggestive. For the laws of ''science and growth"* first 
made known by Heckel,and since extended by Hyatt to the Cephalopoda, 
Jackson to the Pelecypoda, and Beecher and Clarke to the Brachiopoda, 
the term auxologyf has been lately proposed by English systematists, 
with some elucidative and etymological modifications in Hyatt's termin- 
ology. These principles govern individual and specific development of 
genera, for genera are stages in the life history of the race, as dlstio- 

*Auxe, growth, and logos, science. 

fSee a paper entitled "The Terms of Auxology,'' by S. S. Buckman, 
F. G. S., and F. A. Bather, M. A., F. G. S., Londo.n, in the ZoOlogischer 
Anzeiger, No. 405 and 406, p. 420, Nov. 14 and 28, 1892. 
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guisbed from the genealogical records of the individual. It would seem, 
however, that Just as the co-existence of a large number of individuals' 
tends to perpetuate specific variation, so the simultaneous occurrence 
of abundance of species in one horizon and area is productive of the di- 
vergence of genera. 

We cannot enter further into details; enough has been written to show 
beyond contradiction the value and Interest of this * 'Introduction to the- 
Study of the (Genera of Paleozoic Brachiopoda," with its concise de- 
scriptions of genera and passage-forms, their inter-relations, and affili- 
ated species. It is rendered complete by excellent specific bibliograph- 
ies, well considered genealogical trees, showing the common ancestry, 
diverging lines of descent, and affinities of genera, with their geological' 
range, a register of genera and of species, authors, and general index. 
The work is most creditable to professor James Hall and his assistant, 
Mr. J. M. Clarke, and reflects honor on America in general and the 
state of New York in particular. It deserves to be carefully studied 
by invertebrate biologists in both hemispheres. We trust the publica- 
tion of the second part will be proceeded with, and that by its rapid' 
completion, on similar lines of thought, science may be enriched by a 
general view of the evolution of the Brachiopoda. It is much to be de- 
sired that the relations of the Secondary and Tertiary species should be 
discussed in a like thorough, philosophical, and generally satisfactory 
manner. 

We have become so convinced of the advantages of this method of 
treatment, that we have begun to form the nucleus of a collection in the 
Brighton Museum, destined to illustrate the evolution of genera among 
the Brachiopoda.— Science. 



AN EXTINCT GLACIER OF THE SALMON RIVER 

RANGE. 

By Gko. H. Stone, Peyton, Colorado. 

West of Salmon City, Idaho, lie the Salmon River mountains. 
They rise quite steeplj' from the adjoining valleys to an elevation 
of somewhat more than 8,000 feet above the sea. The range is 
very snowy, being well exposed to the moist winds from the Pa- 
cific ocean. Its rocks consist of ver}' ancient quartzites, slates and 
schists, alternating with areas of coarse granites and a few extru- 
sions of rather recent acidic volcanic rocks. The main range 
trends nearly north and south, and there are several spurs project- 
ing westward and northwestward. The masses of upheaval have 
been dissected into a multitude of valleys and cirques and show 
every sign of geological old age. 
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Napius creek drainB a large area on the western dopes of these 
moantains. It flows nearly west and is a tributary of Big creek, 
which flows north into the Salmon river. I have had opportonity 
to explore carsorily the upper twenty miles of this valley, extend- 
ing to a point about seven miles west of Leesburgand down to the 
elevation of about 5,700 feet above the sea. Here the river or 
creek, which is a large stream during the melting of the snow, has 
cut a deep canon through a high northeast and southwest ridge of 
granite, and thence it descends steeply to Big creek by a series of 
rapids and cascades. This point is known as the Falls of Napius, 
and lies at the foot of the fiat known as Bull of the Woods. East 
of this granite dike there is an outcrop of several square miles of 
volcanic rock, bordered by a broad crescent of schists, which in 
turn is bounded by a belt of granite. The alternation of different 
rocks makes it easy to distinguish drift from local matter. Into 
the main creek flow numerous lateral tributaries, from five to ten 
miles long. The area of that portion of the valley to be described 
is about 300 square miles. Near the main creek the hills are not 
usually more than 200 to 400 feet high, and thence the hills and 
ridges separating the adjacent valleys rise higher as we go upward 
toward the top of the range. Near Leesburg the hills adjoining 
the creek are unusually low, and thus there is formed a sort of roll- 
ing plain enclosed by higher hills. At one time all the higher 
valleys and cirques were filled by glaciers which flowed down into 
the main valley where they covered all the hills near the main 
stream, thus being a confiuent glacier or ice-sheet enveloping not 
only the main valley, but also a broad belt on each side extending 
back into the lateral valleys. The following four kinds of mo- 
rainal masses are found. 

1. Lateral Moraine$. These do not take the form of distinct 
ridges or terraces on the sides of the hills next the main stream, 
but are seen as a sheet or diffused scattering of erratics. 

2. Terminal or Retreatal Moraines. About two miles east of 
the Falls of Napius is a moraine beginning near the river and ex- 
tending northward up a hill to an elevation of about 800 feet above 
the stream. It takes the form of a low ridge with gentle side 
slopes and in places is 500 feet or more broad, with several outly- 
ing spurs. Most of the material shows evident glaciation. On the 
south side of the creek is a corresponding moraine on top of a high 
north and south ridge. Near the creek this moraine does not show 



408 The American Gecdogist. jnne, isos 

on a precipice of volcanic ix>ck. Two miles east is another bat 
smaller moraine transverse to the main valley, and there are several 
small ones at various points above. The great depth of ice here 
makes it certain that the glacier at its maximum development ex- 
tended far down the valley beyond the limits described. These 
terminal moraines are therefore retreatal. 

3. Orag and Tail, The high granite ridge extending north- 
-eastward from the Falls of Napius creek shows no erratics that I 
<30uld find, until we reach a point about three-fourths of a mile 
from the stream. Here on the top of a broader part of the ridge 
is a moraine of intensely glaciated matter forming a sheet a few 
feet thick, nearly an eighth of a mile long, and 200 or 300 feet wide 
St its widest place. It was formed in the lee of a small peak of 
volcanic rock that rises abruptly about 30 feet above the rest of 
the ridge. A naiTow moraine borders the stoss side of this little 
peak and a few erratics are also found on the other two sides. 
Perhaps a better name for this arrangement would be Crag and 
Oollar. This is at an elevation of about 500 feet above the con- 
tiguous portion of the main valley. 

4. Crag and Cap. Three miles east of the last named locality 
and one mile south of the main creek is a hill rising 800 feet above 
the river. It is capped by a moraine forming a ridge about 50 
feet thick, 250 feet wide at base, and about an eighth of a 
mile in length. The moraine consists largely of quartzite and 
granite, many of the granite boulders being ten and even twenty 
feet in diameter. The local rocks are schists. For a fourth of a 
mile on the lower slopes of the hill I could find no erratics, except 
on one steep slope where a few may have slipped down the hill. 
The longer dimension of the ridge is parallel with the main valley, 
presumably the direction of glacial fiow at this point. In several 
other places there are moraines capping the hills. 

Large areas between these high moraines show little or no mo- 
rainal matter. In other words, we find loc^l deposits, not a sheet 
of till such as covers New England. The thiixi and fourth varieties 
of moraines here described, designated as << crag and tail" and 
^* crag and cap," were probably deposited under the same condi- 
tions as those that are now being formed on the sides and tops of 
nunataks of the Greenland ice-sheet The hills bearing these pe- 
culiar moraine accumulations rose nearly to the surface of the ice 
or a little above it. Part of their moraine stuff is intensely gla- 
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ciated and may have been brought in the lower part of the ice. A 
part shows few or no signs of glaciation, especially the granite 
boulders, and probably was brought here on the surface of the ice. 
These << nunatak moraines/' as they may be named, show a marked 
contrast to the local rocks both in the glaciated shape of the stones 
and the materials of which they are composed. 

Another class of drift deposits on this area demands attention. 
A sheet of gravel and well rounded stones and boulders covers the 
bottoms of the main valley and of most of the lateral valleys until 
we approach the cirques in which the glaciers originated, where we 
find only unmodified morainal matter. Most of the stones have- 
been very much rolled and rounded by water, but in places there 
is.an admixture of stones bearing glacial scratches. The scratched 
stones become moi'e numerous in the gravel as we go back from 
the main valley. This sheet of water-rounded matter has been 
eroded by the streams to depths varying from 30 to 70 feet, leav- 
ing the nneroded borders of the original sheet in the form of ter- 
races, known to the placer miners as the <' high bars." In places 
they are only three or four hundred feet wide, but not far west of 
Leesburg one of these terrace plains expands to a width of nearly 
two miles. Excavations for placer mining show this gravel sheet 
to be from 10 to 60 feet thick, resting on the glaciated bed-rocks. 
The surface of the terraces has a slow ascent as we go back from 
the main creek, its rate being in most places about 100 feet per 
mile. A vast amount of well rounded gravel and cobbles continues 
along the lower part of this valley. 

It is evident that this water-rounded matter was rolled and pol- 
ished by the subglacial streams. The surface is rather even, and 
we find no kame ridges nor reticulated kames. The gravel (in- 
cludiog vast numbers of cobbles, boulderets, and boulders) was 
poured out in front of the retreating ice, being at the same time 
mixed with stones that fell down from the extremity of the ice and 
thus received too little water-wear to efface the glacial scratches. 
Possibly some of the broad tracts of the gravel and sand occupy 
the place of glacial lakes caused by lateral glaciera continuing 
to flow across the main valley after the ice from the upper part of 
that valley had retreated. 
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EEVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



EUmenU de PaUontolagie, par Felix Bbrnabd, Premih'e pariie (pp. 
528) avec 266 figures dans le texte. Paris, Batllldre et fils, 1893. The whole 
work wUl form a volame of 1,000 pages, with 600 figures In the text, at 
a cost of twenty francs. The work Is not a mere compend of -previous 
publications, but alms rather to be a philosophical review of paleontology 
in the light of the theories of evolution, taking note of Important 
memoirs, whether French or foreign, which have appeared up to the 
very moment of printing. Fossil forms are frequently compared with 
living species. This gives naturalness to the grouping and a fresh bio- 
logical aspect to the comparisons and conclusions. ^ 

Opening with a brief statement of the relations of paleontology with 
the other sciences, the author falls Into a very Interesting ** History of 
Paleontology," dating its actual foundation, as well as that of compara- 
tive anatomy, from the brilliant work of Cuvler. He divides the whole 
history into three periods: first, that which preceded Cuvier; second, 
the Interval between Cuvler and 1857, a period characterized specially 
by descriptive details of extinct species; and third, from 1857 to the 
present, characterized by broader philosophical groupings, and by the 
rise of the *'transformlst school,** or evolutionists. This period is 
marked by the most minute precision in its observations, the effort be- 
ing to derive from the organism all that It is possible to know of its 
morphology, its structure, and its development. It Is in the realm of this 
period that the work of the author lies principally, and In the profound 
change which the science of paleontology has undergone since the vari- 
ation of species was recognized as a fundamental law he discovers the 
effect of the doctrine of evolution. Evolution and paleontology have 
mutually aided each other. 

In seeking for a definition of a species he shows, by reference to the 
researches of Hllgendorf on Planorbls, confirmed and extended by Hyatt, 
that numerous species could be founded on forms which were, it Is true, 
very variable, but which were actually derivable the one from the other. 
The work of Waagen on Ammonites snbradlatus resulted in the union 
of many apparently specific forms under the common name Oppella. 
Waagen used the term '* variation*' when the differences were found 
in different localities from the same stratum, but ''mutation*' when they 
appeared at the same locality in different strata. Neumayr reached the 
same result in studying the Paludlnas of the upper Miocene. From these 
works a new point of departure at once sprang up for paleontology. 
The immutability of species, taught by Cuvler, was disproved, and at 
the present time there is no possibility of defining a 4>ecle8, Bach 
paleontologist erects his own standard. The grand purpose is now to 
trace lines of development, and as the author remarks, ''such research 
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l8 much more fruitful than that which consists in distinguishing mor« 
than a hundred species of Unio in the waters of France, or in making, 
■unwittingly, several species from two branches of the same plant." 

The entire work is established on a perfect sympathy with evolution. 
He refers frequently to American Neo-Lamarckianssuch as Hyatt, Cope, 
Biley, Marsh, and others of what he calls the American school. 

The volume contains numerous figures, many of them new. It com- 
prises the science in its present aspect, in the light of the latest research. 
It is an important and welcome addition to the literature of geology in 
the nineteenth century, and will constitute one of its noteworthy 
steps of advance. 

Finite Homogeneous Strain, FUrw, and Rupture of Rocks. By George 
F. Bbckeb. Bulletin of the Geological Society of America, vol. iv, pp. 
13-90, with 22 figures in the text; Jan. 3, 1893. From experiments and 
-elaborate mathematical investigation, the author explains the flow, 
shear, and faulting of rocks, and the origin of Joints, schistose, and slaty 
cleavage, and basaltic columns. The columnar structure is attributed, 
as by former writers, to rupture by tension in the process of cooling and 
contraction. Joints are referred to simple unrotational pressure, which 
produces two sets of fissures crossing each other at angles approaching 90<* 
if the rock is brittle, but gives when the rock is plastic two sets of schistose 
cleavages. **The line of force bisects the obtuse angles of the cracks 
or cleavages.** The accepted theories of slaty cleavage are shown to be 
erroneous, and it is ascribed instead to rotational pressure, receiving 
no aid from the presence of mica scales or flattened particles of the rock 
mass. " The most important result of the investigation is that Jointing, 
;8chistosity and slaty cleavage all imply relative movement, and are thus 
.as truly orogenic as faults of notable throw. They may all be regarded 
as orogenically equivalent to distributed faults. The great number of 
Joints and planes of slaty cleavage compensates for the minute move- 
ment on each, and the sum of their effects is probably at least as im- 
portant as that of the less numerous faults of sensible throw. In the 
light of this conclusion it appears that if one could reproduce the oro- 
genic history of the Sierra [Nevada] in a moderate interval of time on a 
model made to a scale of one mile to the inch, it would seem to yield to 
external and bodily forces much like a mass of lard of the same di- 
mensions.** 

The Thickness of the Devoniam amd SUuricm Rocks of Central NewTork, 
By Chabt^s S. Fbosseb. Bulletin, G. S. A., vol. iv, pp. 91-118; Feb. 21, 
1893. Detailed sections are recorded for twelve deep wells in the south 
to north belt in central New York which includes Binghamton, Utica, 
•Syracuse, and Waiertown. The thicknesses of the several formations in 
-descending order, reaching down to the Archsean, are found as follows: 
<!)hemung (in part) and Portage, 2250 feet; Hamilton, 1785; Marcellns 
;shale, 100(?); Upper Helderberg (Corniferous limestone), 93; Oriskany 
sandstone (?); Lower Helderberg, 186 (?); Onondaga Salt group, 1239+; 
Niagara, 52 (?); Clinton, 323; Medina, 520; Oswego sandstone, 107; Lor* 
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raine shale of the Hudson group, 640; Utica shale, 233; Trenton, 637+; 
Calcfferous, 320 (?); and Potsdam, 410 (?). This general section is com- 
pared with two others measured by Mr. Prosser farther, west in New 
York, respectively following the valleys of Cayuga lake and of the 
.Genesee river, and with one section determined in eastern New York by 
C. A. Ashburner, from the top of the CatsklU mountains to the bottom 
of the Mohawk valley. 

A new Taniopteroid Fern andita AIMes, By David White. Bulletin, 
G.S.A., vol. iv, pp. 119-132, with a plate and diagram indicating hy- 
pothetical relations; Feb. 23, 1893. The fern here described, TceniopterU 
missourienHSt is represented by eleven specimens collectod in the Lower 
Ck)al Measures 8 to 9 miles south and southeast of Clinton, Mo. The 
species is of peculiar interest from certain features showing close rela- 
tionship to the genus AleUuypterU. 

Some Elements of Land Sculpture. By Lewis Ezra Hickb. Bulletin, 
.0. S. A., vol. iv, pp. 133-146, with twelve figures of erosion outlines; 
Feb. 25, 1893. The processes of suba^cial land erosion by weathering 
and by the washing of rains, rills, and larger streams are instructive^ 
discussed, with illustrations chiefly taken from the area of the great 
lains and bad lands in the region drained by the Missouri river. 

Some Dynamic and Meta^omatic phenomena in a metamorpMc conglom- 
eraJte in the Oreen mmmtains. By Charles Livt Whittlb.- Bulletin, 
G. S. A., vol. iv, pp. 147-166, with a plato showing secondary enlargement 
of clastic tourmaline, and five figures in the text; Feb. 25, 1893. The 
formation studied is a Lower Cambrian conglomerate, in large part 
-changed to ottrelito schist, which phase attains a thickness of several 
hundred feet and is traced several miles across the anticlinal axis of the 
Green mountain range, from Mendon eastward to North Sherburne, in 
the northeast part of Rutland county, Vermont. The latest change that 
this schist has undergone is the Incipient alteration of its ottrelito into 
chlorite. In Chittenden, the next township on the north in the same 
county, the stratlgraphic continuation of the ottrelito schist is a well- 
marked conglomerate, in which quartz pebbles and small boulders, up 
to 18 inches In length, make nearly 90 per cent, of the detrital material. 
Gneiss and feldspar pebbles are also common, the latter being occasion- 
ally two to three Inches long. The groundmass consists of granular 
quartz, magnetite, plates of muscovite, and prisms of serlcite. In this 
rock small fragments of tourmaline crystals, often water-rounded, have 
been filled out by the deposition of secondary tourmaline perfectly 
oriented with the core, In the same way as the enlargements of quartz 
grains which have been described by Irving and Van HIse. In one of 
the examples figured the secondary growth Is bounded by nearly complete 
crystallographic faces. 

Notes on a Utile knovm region in iwrthwestem Montana. By G. B. 
-CuLVEB. Trans., Wisconsin Academy of Science, Arts, and Letters, vol. 
viil, pp. 187-205, with map; Dec. 30, 1891. Besides many valuable ob- 
servations on the topographic features and stratlgraphic geology of the 
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area traversed by Prof. Culver, he gives very interesting details of the 
glacial drift and of an ice-dammed lake. Within thirty miles southward 
from the 49th parallel, ice was accumulated so thickly west of the main 
eastern range of the Bocky mountains that it outflowed eastward through 
the passes, carrying dlorite boulders from ledges west of the watershed 
to a distance of several miles on the plains at the eastern base of the 
mountains. No Laurentian drift was observed there, but in the valley 
at the head of St. Mary*s river, a tributary of the Belly river, on lati- 
tude 113^ 30', five to twenty miles south of the international boundary, 
shore lines of a glacial lake, which was probably formed by the neigh- 
boring barrier of the Laurentlde ice-sheet on the northeast, occur up to 
the hight of at least 800 feet above the present St. Mary's lakes, or ap- 
proximately 5,400 feet above the sea. 

jEi8ti7nate« of Geologic Time. By Warren Upham. Am. Jour. Scl., 
Ill, vol. xlv, pp. 209-'^20; March, 1893. Recent estimates of the age of 
the earth vary widely, but this paper shows that the more reliable geol- 
ogic measurements and ratios lie inside the probable limit of 100 million 
years assigned from physical data by Sir William Thomson (now Lord 
Kelvin). Computations by Wallace, based on the rates of land erosion 
and consequent oceanic sedimentation, allow 28 million years for th'^ 
deposition of all the sedimentary rock strata. Mr. Upham, howeve.' 
shows that by certain reasonable changes in the premises of this com- 
putation the result would be three times as great or 84 million years. 
Another method of reaching an estimate is found In the ratios of the 
Becent and Glacial periods to the preceding and far longer geologic eras. 
The mean of numerous independent measurements of the probable 
length of the Postglacial or Becent period, from the departure of the ice- 
sheets to the present time, is 8,000 years; and for the duration of the 
Glacial period the writer accepts Prestwich*s opinion, that the Ice age 
in reaching its culmination occupied 15,000 to 25,000 years and in waning 
continued onward perhaps 8,000 to 10,000 years or less. Further, from 
the rate of extinction and new appearance of marine mollnscan species, 
the proportion of Glacial and Becent time to that since the beginning 
of the Tertiary era is believed to be as one to fifty or a hundred. 
Thence, according to closely agreeing ratios deduced from comparison 
of the thicknesses of the rock strata by Dana, Alexander Winchell, and 
Davis, the lengths of the successive eras since the Archssan are esti- 
mated to have been, for the Paleozoic, 36,000,000 years; the Mesozoic, 
9,000,000; and the Cenozoic, comprising both Tertiary and Quaternary 
time, 3,000,000. In the Quaternary or present era Mr. Upham would in- 
clude not only the Ice age and subsequent time but also a somewhat 
long time of preglacial increasing high uplift of the areas that became 
finally ice-enveloped, giving to the Quaternary in all probably 100,000 
years, or about a thirtieth part of the entire Cenozoic. 

The OlacUU Siuxeseion in Ohio, By Frank Levbrett. Journal of 
Geology, vol. i, pp. 129-146, with map; Feb. -March, 1893. Ten approxi- 
mately parallel and successively formed terminal moraines of the Mau- 
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mee-Miaml lobe of the Ice-sheet Id western Ohio and eastern Indiana are 
shown on the map accompanying this paper. In the summary of his 
conclusions, drawn from a very thorough examination of the drift In 
Ohio and the country westward to the Mississippi river, Mr. Leverett 
enumerates the following stages of the Glacial period: 

1. A glacial stage during which the ice-sheet extended farther south 
in western Ohio than in any later stage. During this glaciation the 
scarcity, if not absence, of coarse over wash material seems to indicate 
feeble drainage and low altitude. 

2. A long stage of deglaciation marked by development of soil and by 
attendant oxidation, leaching, and erosion of the drift sheet. The 
character of the clianges effected indicates fair drainage conditions, the 
altitude being probably not much lower than the present altitude of the 
region. 

3. A stage of silt deposition during which the highest points in 
southwestern Ohio apparently became covered at flood stages. There 
can be little doubt that the region then stood several hundred feet lower 
than now. From evidence gathered elsewhere it seems probable that 
the silt deposition accompanied a glacial stage whose deposits are con- 
.cealed in this region by later drift sheets. 

4. A glacial stage, during which the outermost well-defined frontal 
moraine was formed, with as good attendant drainage as is now afforded 
in the western Ohio region. The drift of this stage is concealed in east- 
ern Ohio by the later moraines. The main streams at the time of this 
Ice invasion flowed at levels 200 feet or more below the level of the up- 
land silt. 

5. A stage of deglaciation of considerable length, with altitude some- 
what as at present, indicated by valley excavation. 

6. A glacial stage characterized by sharply indented morainic ridges. 
"The land at this time was probably raised to a maximum of elevation, 
:there being ample evidence of vigorous drainage, not only in Ohio, but 
as far to the west as the moraine has been correlated. The Ice-sheet 
reached about to the glacial boundary in eastern Ohio, but fell short 
many miles of reaching the boundary farther west. 

7. A glacial stage characterized by morainic ridges of smooth con- 
tour. This stage embraces the final disappearance of the ice-sheet from 
Ohio. A deglaciation interval is believed to have preceded it, but decisive 
evidence in support of this view is not obtained. During the formation 
of these later moraines the land had again an altitude similar to that 
of to-day. 

*' Still later," writes Mr. Leverett,* 'the Champlain submergence of the 
ooast and St. Lawrence occurred. It is Important to note that the Cham- 
plain submergence is separated from the submergence which produced the 
silts of southern Ohio by the periods of high altitude just mentioned, a 
succession of periods during which all the Ohio moraines, no less than 
twelve in number, were being formed." This opinion, however, seems 
open to doubt. The depression when the silts and loess were being de- 
posited and the marine submergence of the coast of Maine and New 
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Brunswick, the St. Lawrence valley, and the lake Champlaln basin, may 
be parts of a single subsidence from which the southern area was up- 
lifted earlier than the northern. 

If the Ice age was primarily caused, as Jamieson, Upham, Wright, 
Hllgard and others maintain,b7 great epeirogenic uplifts of the glaciated 
portions of the continents some thousands of feet higher than now, then 
the gradual though fluctuating recession and departure of the ice-sheets 
were probably conversely due to the depression of the ice-loaded lands 
to their present hight or lower. When the depression had caused a con- 
siderable glacial retreat, the increase in thickness of the ice-sheets by 
series of centuries bringing exceptional snowfall may have raised their 
surface so high that now and again the ice was enabled to advance far 
over tracts which it had previously abandoned, leaving its conspicuous 
moraines as marks of these stages of fluctuation. After the borders of 
the drift-bearing area were unburdened by the glacial recession, they 
appear soon to have been moderately uplifted, attaining their present 
hight or oscillating somewhat above and below this hight. A chiefly 
permanent wave of elevation, slowly extending from south to north as 
the ice-sheet fluctuatingly departed, seems to have raised earliest the 
silt and loess area of the Ohio, Mississippi, and Missouri region, later 
and progressively the areas of the glacial lakes Agassiz, Warren, and 
Iroquois, with the Champlaln and St. Lawrence valleys, and latest the 
region of Hudson bay, where, according to Dr. Robert Bell, this uplift 
is still in progress and now averages apparently several feet in a hun- 
dred years. The Postglacial or Recent period has been too short both 
in North America and Europe to bring yet the full restoration of isostasy 
by completion of the uplift of the glacially depressed portions of these 
continents, for as about Hudson bay so in Scandinavia the postglacial 
elevation still continues at a measurable rate. 

The Moon's Face; a study of the origin of its features. By G. K. Gil- 
bert. Address as retiring president, delivered Dec. 10, 1802. Bulletin, 
Phil. Soc. of Washington, vol. xii, pp. 241-292, with a plate and four- 
teen figures in the text. The geologist here becomes a selenologist. 
Whoever has looked with a telescope, even of the small power of the 
ordinary surveyor*s level or transit, upon the illumined face of the 
moon and seen its so-called craters, especially when at the moon's 
quarter phases their serrated rims cast long shadows near the boundary 
of the lighted area, must have wondered at the apparent violence and 
grandeur of the volcanic action to which these scars of our satellite 
have been commonly ascribed. Mr. Gilbert, however, shows in this 
paper that the lunar craters differ so much in their range of magnitude, 
in the deep depression of their central plains below the outer expanse 
surrounding the crater rims, and in other respects, from terrestrial 
craters, whether of the Vesuvian or Hawaiian types, that they cannot 
reasonably be supposed to be of volcanic origin. He thinks, therefore, 
and sustains his view with very able arguments, that the moon has come 
to its present form from the breaking up of an original ring of satellite 
matter, like the rings of Saturn. Many agglomerations of this matter 
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were tardy In Joining the chief resultant mass, and the latest of them, 
in falling by gravitation to the moon, melted by the impact not only 
themselves bat the part of the lanar surface where they struck, and 
threw up around these places the crater rims as steep mountains. The 
whole process of the moon's gathering its formerly scattered material 
seems, according to Mr. Gilbert, to have been completed at least before 
the deposition of the earth's Paleozoic sediments, else they would here 
and there reveal evidences of collision of some of the portions of the 
previous ring matter, since these must have fallen not only on the 
moon but in like manner on the earth. The absence of atmosphere 
about the moon has so long permitted the very steep and high lunar 
mountains to remain unaffected by agencies of erosion. 

Geographical lUustnitions: sv/ggesHons far teaching PhysioaZ Oeogra- 
phy ba^ed on the physical features of southern New Etigland. By 
William Moruis Davis, Professor of Physical Geography in Harvard 
University. 12mo, pp. 46, Cambridge, Mass., 1893. Price, 10 cents. 
In this excellent little pamphlet the chief topographic features of Mass- 
achusetts, Rhode Island, and Connecticut are described, and their 
means of origination by subafirial erosion, partial or nearly complete 
base-levelling, succeeding uplifts and new valley cutting, and latest by 
glaciation, are explained. This is done so simply, clearly, and attract- 
ively, although giving the latest and in part very recent results of the 
most advanced investigators in geology and geomorphology, that the 
teachers of primary and grammar schools may readily take their classes 
over this partially new scientific ground, without their encountering 
any difficulties beyond their understanding, and even with dawning and 
increasing pleasure instead of becoming wearied. 

Ylhildningar i ryska och jinska Karelen med sdrskild hdnsyn tiU de 
karelska ranidmordnema. By J. E. Rosbbbg, pp. 128, with a map, sec- 
tions, and photographs. Fennia, vol. vii. No. 2, Helsingfors, 1892. 
The glacial geology of a broad belt of Finland and northwestern Rus- 
sia, stretching from the Gulf of Finland and lake Ladoga north to the 
northwestern extremity of the White sea, forms the subject of this 
number of Fennia. The map shows the directions of glacial striation, 
sand and gravel tracts of modified drift, dunes, marginal retreatal 
moraines, and eskers. 
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Furher durch die Geologlschen Sammlnngen des Provinzialmuseums 
der Physikalisch-Oekonomlschen Gesell. zu KOnigsberg bearbeitet vom 
Direktor Prof. Dr. A. Jentzsch, Uebersicht der Geologie Ost-und West* 
preussens, mit 75 Text, und zwei Tabellen. 

The Eiocene and Oligocene Beds of the Paris Basin, by G. F. Harris 
and H. W. Burrows, read before the Geologists* Association, 1891. 

Geology of the Gironde, G. F. Harris, Geological Magazine, Jan., 1890. 

London Water Supply, G. F. Harris, National Laundry Record, Jan. 
27 and Feb. 24, 1892. 

The Correlation Table of British with continental Tertiary Strata, 
G. F. Harris, Ex. from a list in the Brit. Mus. by R. B. Newton. 
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Note on a Fall of Volcanic Dust in the South Atlantic Ocean. 
A sample of volcanic dust has recently been presented to Director 
Edw. S. Holden, of the Lick Observatory, by Capt. W. W. Hardy, of the 
bark W. W. Crapo, with the following notes on its occurrence: '*The 
shower of dust occurred between 8 and 9 p. m., May 26th, 1892, In lat. 
430 s., long. 540 20' W.; the wind N. W., velocity about 8 miles per 
hour. At sunset, four hours before the shower, the western sky was 
very red." The sample was transmitted by Director Holden to the 
Mineralogical Museum of the University of California. 

The geographic position mentioned is distant 370 miles In a southeast 
direction from the nearest land — the coast of the Argentine Republic, 
and about 600 miles north of the Falkland Islands. The nearest vol- 
canoes are those of the Southern Andes, distant about 500 miles to the 
northwest. 

The dust Is a fine powder, slightly gritty and of a dirty white color. 
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On agitating a portion in water it was found that a considerable part 
was exceedingly fine and remained in suspension, while the remainder 
subsided as a granular powder of nearly uniform grain. The specific 
gravity of the latter as determined by the specific gravity bottle was 
2.433. 

Under the microscope the dust is seen to be composed chiefly of frag- 
ments of glass and crystals and crystal fragments of hornblende and 
feldspar. 

The glass is much the most abundant material. The fragments, 
which are all sharply angular, vary in size from less than .01 mm. up- 
to .28 mm. in diameter, the average diameter being about .05 mm. 

The glass is for the most part compact, clear and colorless, but occa- 
sional pamiceous fragments were observed and others stained brown or 
yellow by iron oxide. 

The feldspar is next in order of abundance and occurs in prismatic 
crystals and in angular crystal fragments. The largest crystals ob- 
served measured .14 mm. to .308 mm. in length and .084 mm. to 
.136 mm. in breadth. Some of the fragments were recognized as plag- 
loclase by distinct polysynthetic twinning, but the majority appeared to 
be simple crystals and are perhaps orthoclase. Tiny inclusions of mag- 
netite were observed in some of the feldspar crystals. 

The hornblende is slightly less abundant than the feldspar, but the 
crystals are of larger average size. The largest crystal observed meas- 
ured .3 mm. in length and .1 mm. in breadth; the average was about 
half that size. The hornblende is readily recognized by its prismatic 
habit and cleavage, green color, strong pleochroism, and small extinc- 
tion angle. 

In the powder that was washed with water several shining cleavage 
fragments were observed. Under the microscope, one of these gave 
rather uncertain reactions for pyroxene. It is present in very small 
quantity. 

Rather numerous particles of magnetite are present, the largest of 
which measured about .056 mm. in diameter. Many of these grains had 
fragments of glass or feldspar attached to them. 

The mineralogical composition and specific gravity of this volcanic 
dust would point to its derivation from a somewhat acid andesitic 
magma. Charles Palache. 

Geological Lahoralory, University of Calif omiat March 2(Hhy 1893. 

Beltrami Island of Lake Aoabsiz. After returning last month 
for a season of work on the Minnesota Geological Survey, one of my 
earliest duties was to examine the profiles of the three railroad lines, 
with their branches, which have recently been built (and are now being 
extended) from Duluth northward across the rich iron and lumber dis- 
trict of northern Minnesota. One of these, the Duluth <& Winnipeg 
railroad, passing northwest by the east end of Red lake and the south- 
west side of the Lake of the Woods, shows that the former of these lakes 
lies about 40 feet and the latter somewhat more than 150 feet below the 
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highest level of the glacial lake Agassiz, which during the departure of 
the ice-sheet was pent up in the basin of the Red river of the North and 
of lake Winnipeg by the receding ice-barrier.* The hight of Red lake 
Above the sea is ascertained to be 1172 feet; and of the Lake of the 
Woods, in its stages of low and high water, 1057 to 1063 feet. North- 
-east of Red lake the Tamarack river drains a largd tract of tamarack, 
spruce, and arbor vitse swamp, which reaches to the divide between the 
Tamarack river and the West branch of the Bowstring river (more com- 
monly called the Big Fork), tributary to Rainy river, the hight of the 
divide being only 15 to 20 feet above Red lake. Similar low swamp land 
forms nearly the whole northern and northwestern shore of Red lake 
and is crossed by this railroad survey continuously along its first eight- 
•een miles beyond Red lake; but at a distance of twenty-nine miles from 
the lake the profile shows an ascent crossing the highest beach of lake 
Agassiz, which there is 1215 feet above the sea. The next seventeen 
miles of the profile extend across the northeastern edge of a large island 
of lake Agassiz, rising on that line to a maximum hight of 1283 feet, 
with a moderately undulating drift-covered surface. In the next fifteen 
miles, which comprise the descent on a similar but smoother drift sur- 
face from the highest shore of lake Agassiz to the War Road river, an 
afiiuent of the Lake of the Woods, the profile crosses a succession of ten 
lower beaches of lake Agassiz, marking stages in the gradual uplifting 
of the land and subsidence of the lake, their altitudes above the sea be- 
ing 1196, 1172, 1156, 1143, 1127, 1116, 1106, 1009, 1093, and 1087 feet. 

These data show that lake Agassiz in its highest stage had a large 
island northwest of Red lake, comprising the headwaters of numerous 
streams flowing outward from it to the Lake of the Woods, Rainy river. 
Red lake, the Red Lake river, and the Red river of the North. This 
island had probably a diameter of forty miles or more, with an area ex- 
oeeding 1000 square miles, of which apparently more than half is in 
Beltrami county, the portion farther west being chiefly in Marshall 
oounty, Minn. For this tract, which has before been supposed to be 
comparatively low and perhaps wholly beneath the highest level of lake 
Agassiz, the name Beltrami Island Is proposed, in recognition of the ex- 
ploration of the region of Red lake and the Julian or most northern 
sources of the Mississippi by Beltrami in 1823 (Geol. of Minn., .vol. i, 
1884, pp. 44-50, with map). As Prof. N. H. Winchell wrote in the histor- 
ical sketch here clted.this district *M8 still nearly as wild and uninhab- 
ited as when Mr. Beltrami passed through it.'* During the field work of 
this survey the present season, the boundaries and contour of this island 
will be mapped. 

Beltrami island lies in the course of northwestward and northward 
•continuation of the Mesabl or eleventh moraine of the series mapped in 

^Geol. and Nat. Hist. Survey of Minn., Eighth annual report, for 1879, 
pp. 84-90; Eleventh annual report, for 1882, pp. 137-153, with map; Final 
report, vol. il, 1888, pp. 517-527. U. S. Geol. Survey, Bulletin No. 39, 
with map, 1887. Geol. and Nat. Hist. Survey of Ganada,Annual report, 
new series, vol. iv, for 1888-89, part E, with maps and sections. Am. 
Geologist, vol. vii, pp. 188-194, 222-231, March and April, 1891. 
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Minnesota, which next east from the Narrows of Red lake rises very 
prominently to a hlght of 150 to 200 feet for a distance of about ten 
miles upon the peninsula dividing the northern and southern parts of 
the lake. Like nearly the entire western half or two-thirds of Minne- 
sota, this whole region is deeply drift-covered. No outcrops of the bed- 
rocks have been yet found on the large portion of the Red river basin 
lying in Minnesota; but the conspicuous escarpment of Cretaceous shales,, 
overspread by drift, along the west border of the Red river valley, wells 
penetrating to Cretaceous beds along this great valley plain, and th& 
topographic features of the land rising eastward from it with nearly 
the same rate of ascent as on the west, lead to the belief that the eastern 
like the western border of this wide valley is formed by an escarpment 
of Cretaceous shales beneath the drift, and that an outlier of these shales 
enveloped by drift forms Beltrami island. It was long ago pointed 
out by Prof. N. H. Winchell that originally the Cretaceous strata ex- 
tended over all the western two-thirds of Minnesota, and on the south- 
east almost to the Mississippi river, since they still are known to be 
largely continuous under the drift; and recent discoveries by Mr. H. V. 
Wlncholl of Cretaceous beds at several places along the elevated Mesabl 
iron range in northeastern Minnesota indicate indeed that the Creta> 
ceous marine submergence probably reached to the present site of lake 
Superior. Wabbbn Upham. 

May i2th, 1893. 

Mbsozoic Granite in Plumas County, California, and the Cala- 
veras Formation. In a review of Mr. Mills* paper on the *' Rocks of 
the Sierra Nevada,"* the writer makes the statement ** that there Is 
thus no evidence extant that the granite of Plumas county is intruded 
into rocks later in age than the Carboniferous." 

In making the statement I had overlooked a paragraph in Mr.Dlller'a 
paper on the '^ Geology of the Taylorville Region," p. 394, where occura 
the following: 

"The dloritic rocks of the region are a portion of the great granitoid 
mass of the upper Sierra Nevada, and are evidently eruptive, with well 
defined contact phenomena in Triasslc formations. Their eruption la 
certainly post-Triasslc, and may have taken place immediately at its 
close, or after the deposition of the Jurassic." 

The ** Calaveras formation" on p. 300 of the same number of the Ge- 
ologist is defined as including *' all of the Paleozoic sedimentary rocka 
of the Sierra Nevada." This definition may be correct as to the rocks 
of the Gold Belt proper on the western slope of the range where all the 
evidence gathered points to the Paleozoic rocks being Carboniferous in 
age, but it was not intended to include in the '* Calaveras formation" 
the Grizzly Mountain Silurian beds described by Mr. Dlller, nor the up- 
per Carboniferous strata of Genesee valley, called by Mr. Dlller the 
Robinson beds. These do not appear to enter into the composition of 
the main mass of the range. 

*Am. Geologist, vol. XI, May, 1893, p. 312. 
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The ** Calaveras formation '* as thus limited comprises, so far as yet 

known, chiefly lower Carboniferous strata, but may extend down into 

the Devonian. The following fossils have been found within its limits: 

Aviculopecten, Clisiophyllum, Spirlfera, 

Murchisonia, Fusulina, Philllpsastrea, 

Macrocheilus, Pleurotomaria, LIthostrotion, 

Zaphrentis, Metoptoma, Monticulipora. 

The time range of the formation is thus not fully determined. 

Washington^ D. C, H. W. Turner. 



PERSONAL AND SCIENTIFIC NEWS. 



Mr. J. T. ScovBLL, WRITING IN Science, claims for Citlal- 
tepetl or Star mouDtain, more commonly called Mt Orizaba, the 
distiDction of being probably the highest point of North America. 
Spirit-levelling to the hight of 14,000 feet, and triangulation for 
the remaining hight, give the altitude of the summit as 18,314 
feet, being 200 feet above that of Mt. St. Elias as determined by 
Russell,and 700 feet above Popocatepetl, which, until recently, was 
believed to be the highest of the Mexican volcanic cones. The crater 
•of Citlaltepetl is about 800 feet long and 600 wide, with a depth be- 
tween 400 and 500 feet. The upper 10,000 feet of the mountain 
consist of volcanic rocks, below which the lower slope, according 
to Mr. Hugo Finck, shows Cretaceous limestone, nearl}'^ horizontal, 
200 or 300 feet thick, resting on crumpled and folded strata of 
Jurassic limestone, which in turn lie on alternating basaltic rocks 
and Carboniferous limestones. Cretaceous beds are crossed below 
the altitude of 2, 500 feet in the descent to the Oulf of Mexico. 

The Lakes op Zurich and Wallen, respectively 460 and 560 
feet deep, are shown by Du Riche Preller, in the Geological Mag- 
uzine, to be due, not to glacial erosion, but to organic deforma- 
tion of the Limmat valley. 

The faunas and floras of the Chatham islands. New Zea- 
land, and the southern portions of Australia, Africa, and South 
America, include so many identical or closely related species, in 
i3ome instances, however, extinct and known only by fossil remains, 
that Mr. Henry O. Forbes argues therefrom, in a paper before the 
Boyal Geographical Society, that in late geological times they re- 
ceived land migrations from an Antarctic continent which was 
more extensive and less frigid than now. 

The State of South Dakota has established a geological sur- 
vey, making it a function of the State University at Vermillion, 
on the plan of the Minnesota survey, and Prof. J. E. Todd has 
been appointed state geologist 

The Family of the late Prof. John Strong Newberry, form- 
erly prof essor of Geology in the School of Mines, have offered as a 
gift to Columbia College his large scientific library. The collec- 
tion will be known as the Newberry Library of Geology, being a 
memorial to professor Newberry. 
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